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ABSTRACT  
  
Biotic and abiotic stresses are the most limiting factors for plant growth and yield. Among all of 
these, soil salinity is one of the major problems of Pakistan due to its climatic condition; arid to 
semi-arid. Due to increase in population, the demand for food is increasing rapidly to feed the 
nation. To meet the food requirement there is need to rejuvenate saline soil with the selection of 
salt tolerant crop genotypes having potential to grow in these salt affected areas. In view of these 
considerations a hypothesis was developed to study morphological, physiological and biochemical 
attributes of soybean under saline conditions with and without the application of potassium. Five 
studies were conducted: two solution culture (Hydroponic), two pot experiments and one genomic 
study. Primarily, 11 soybean genotypes were grown at wire house of ISES, University of 
Agriculture, Faisalabad, Pakistan in solution cultures for the duration of 60 days in solution culture 
and in soil for 120 days using two levels of salinity along with control (60 and 120 mM NaCl) in 
combination of potassium with three levels (control, 6 and 9 mM in solution) and (Control, 50 and 
75 kg ha-1 in soil). On the basis of biomass growth and Na+/ K+ ratio, soybean genotypes (No. 62, 
No. 13) and (Ajmeri, William-82) emerged as salt tolerant and salt sensitive respectively. Two 
soybean varieties Pioneer and Jack were also evaluated under salt stress and potassium application 
at MSU, USA. Consequently, physiology and biochemistry of salt tolerant and salt sensitive 
soybean genotypes were evaluated in solution culture and pot experiments under 90mM NaCl for 
salinity and potassium (9mM). Results discovered that plant growth, water relations, chlorophyll 
contents, antioxidant enzymes and photosynthetic parameters of all soybean genotypes decreased 
under salinity stress. But salt tolerant soybean genotypes showed significantly improved plant 
growth relative to salt sensitive soybean genotypes. Potassium application significantly relieves the 
harmful effects of salinity by improving plant morphological, physiological attributes, and 
enhancing antioxidant enzymes activities. The beneficial effects of potassium were more obvious 
in salt tolerant soybean genotypes than salt sensitive soybean genotypes. Moreover, salt tolerant 
and sudden death syndrome resistant genes were transferred in soybean varieties at MSU Lab, USA 
to produce transgenic lines of soybean against salt and disease resistance. The results confirmed 
21  
  
that application of potassium have positive effect on the growth, yield, protein and oil quality of 
soybean genotypes under saline condition.   
 
 
 
 
CHAPTER 1 INTRODUCTION  
 Soybean is one of the most important oil seed crops that is multi-dimensional in its uses as it contains 
the best quality protein due to which it is called “the meat that is grown on plant”. The seeds of soybean 
contain 50% good quality protein, 17-24% highly palatable oil containing zero cholesterol level, 6% 
ash and 29% sugars (Essa and Al-Ani, 2001; Agarwal, 2007; Shi and Cai, 2010). Except above all 
benefits, it is also a good source of polyunsaturated fat, fibers, vitamins and contains a small amount 
of minerals and energy (Krishnan, 2001). It contains about 85% of the world oil seed and placed in 
group of the oil seed crop. Soya seed is processed into soybean meal and vegetable oil. Soybean may 
be a significant source for biofuel production (Anonymous, 2009). In 2009-2010 the total demand of 
food oil in Pakistan was 4.125 million tons and about 65% of the country requirement of edible oil was 
met through imports (Akinori et al., 2000; Balasubramaniyan et al., 2001; Anonymous, 2012).  
 Agriculture sector is facing various threats today among which one of the major stresses among all is 
salinity which is caused due to high temperature, less rainfall, poor quality water and soil management 
and eventually high evapotranspiration (Neto et al., 2006; Flowers and Colmer, 2008). The affected 
area due to salinity in all over the world is about 45 m ha of irrigated regions and about 1.5 m ha cannot 
give productions due to high salinity (Munns and Tester, 2008). In Pakistan the  cultivated land of 6.67 
m ha is saline among which Punjab province covers an area of about 2.67 m ha (Ghafoor et al., 2004). 
In world over, salinity has damaged about 7% of agricultural area, out of which 3% land is considered 
highly saline and eventually this area is expected to increase up to 20% in the future.   There are several 
reasons regarding increase in saline land in the world but most alarming is the mobility of soluble salts 
in soil profile. The soluble salts which are inducing this problem are sulfates, chlorides, carbonates and 
bicarbonates of sodium, potassium, magnesium and out of these sodium chloride (NaCl) is the major 
salt (Li et al., 2006). At large scale, overall yield of agricultural land is reducing (Mckee et al., 2004) 
and ultimately sustainable agriculture is affected (Waisel, 2001). The mode of action of these salts 
22  
  
differs in one or another way like addition of salts increases nutrient and ionic imbalance, accumulation 
of reactive oxygen species and ionic toxicity. All these factors have less integration of ammonium and 
nitrate. At cellular level, sodium salts reduces calcium bridging in plasma membrane of the cell that 
obstructs protein and other cellular level works like enzyme activities (Thitisaksakul and Maysaya, 
2008).   
 Genetic potential in plants help to overcome salinity stress; however some modifications in 
morphological, physiological and biochemical activities take place correspondingly in all genotypes. 
Salt stress can be seen in the form of its symptoms on plants or ultimate death of plant or reductions in 
productivity. Physiological stresses due to saline agriculture land includes  growth inhibition and yield 
decline due to the drought on water uptake, decreased water conductivity of the root cells, disturbed 
ion homeostasis in cells, injured membranes, inhibited metabolism, and difference of vitality to salt -
protection (Tester and Davenport, 2003; Tripler et al., 2011). An imbalance amount of salts in the soil 
disrupts all the physiological processes of plants like photosynthesis, lipid peroxidation and protein 
synthesis that occurring within a plant. The first response of plant to salinity is reduction of leaf size 
and development which is followed by the termination of growth as the pressure increases. 
Development recommences when the strain of salinity is released. The physiological processes 
occurring in plants like photosynthesis, and photosynthetic rates provide carbohydrates for the cell 
development and growth of plant, salinity reduces these essential components of the plant 
(Allakhverdiev et al., 2000). Salt stress also harms cells in transpiring leaves, thus reducing growth and 
development of wheat plants (Munns, 2005).  Continuous reduction of cultivable area due to salinity 
and increasing population of the world are causing immense pressure on agriculture to ensure food 
security. Therefore the current decade’s explorations are going to emphasize the response of plants in 
salt stress (Zora, 2006). Plant species show different behavior in salt stress in order to exclude salts 
from their cells or to endure their presence within the cells by involving many kinds of physiological 
and biochemical changes. Generally, there are two approaches for increasing the production of crops 
from salt affected soils: first, reclamation of these soils and second by introduction of salt tolerant 
genotypes (Blumwald et al., 2004; Yilmaz et al., 2004). The former approach is not practicable due to 
wide salt-affected areas, insufficient availability of good quality water, soil permeability and high cost 
of amendments (Akhtar et al., 2010). Therefore, we are left with choice of introducing salt tolerant 
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genotypes in these problematic soils and also finding the options to improve salt tolerance to certain 
levels that can minimize all these problems (Iqbal et al., 2007).   
 Salt tolerance is known as the capacity of plants to develop, propagate, endure and fulfill the 
requirements of their life cycle (leading to completion) in an environment that comprises heavy 
quantities of soluble salts. Certain biochemical and molecular processes are being adopted by plants to 
cope with the salt stress. In the biochemical corridors, it produces specific products and methods that 
ameliorate salt stress that leading to additive activities which are perhaps synergistic (Iyengar and 
Reddy, 1996). Biochemical approaches consist of (i) selective accumulation and/or elimination of ions 
(ii) control of ionic balance by transport through roots and leaves (iii) separation and division of ions 
at both levels; the cellular and the whole-plant (iv) production of well-matched solutes (v) alteration in 
photosynthetic process (vi) modification in membrane structure (vii) stimulation of anti-oxidative 
activity of enzymes and (viii) initiation of plant hormones production. There may be two procedures to 
evaluate the salt tolerance. These include low-complexity or high-complexity strategies. In Low-
complexity strategy, plants utilize various biochemical pathways to endure salt stress. In the High-
complexity strategy, alterations are involved in the major physiological processes like photosynthesis 
and respiration, cell wall and other organelle’s interactions and also usage of water efficiently to protect 
some important procedures like polyploidy and DNA methylation (Botella et al., 1994) other processes 
involve changes in the molecular and nucleic acid levels (DNA) etc. (Walbot and Cullis, 1985). Various 
plant varieties growing in high proportion of salt uptake, compartmentation of Na+ occur through 
vacuoles surpasses the limits and the received salts chiefly inflicts supplementary stress on plants which 
eventually possess impact for salt tolerance potential (Rodriguez et al., 2005).  
 Compartmentation of Na+ through vacuoles is a major factor which is responsible for the lowering of 
water potential of cell and its absorption is related with sustained water absorption from the soil. 
However, this lessened osmotic potential in the vacuole was balanced with that of the cytoplasm by 
accumulation of non-toxic (compatible) osmolytes in the cytosol (Xiong and Zhu, 2002). Osmolytes 
are found generally in higher plants which may be organic acids, sugars (low in molecular weight), and 
polyols. The major osmolyte was proline which is found in salt-stressed plants and also in water-
stressed plants (JimenezBremont et al., 2006; Tripathi et al., 2007). Furthermore, these osmolytes 
enables plants to endure reducing cytosolic osmotic potential and to provide protein protection against 
denaturation (Rajendrakumar et al., 1994). In addition, it also plays a vital role in scavenging reactive 
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oxygen species (Hong et al., 2000). It is observed that the salt sensitive plants does not maintain a 
higher K+/Na+ ratio, as it is needed while salt tolerant plants conserve a high K+ content (Azooz et al., 
2004; Rejili et al., 2007). With the increasing concentration of salts in the plants (stem tissues) of Z. 
spina-christi, an increased amount of N and P were also observed. However, salinity caused by NaCl 
had hardly been the source of reducing K+/Na+ ratio in different parts of plants (leaf, stem and root) 
(Sohail et al., 2010).  
 Potassium is one of the major components of plant tissue which makes about 110% of dry matter 
(Epstein and Bloom, 2005). Potassium (K+) plays a fundamental role to balance turgor potential, 
membrane potential, stoma movement, tropisms and activating enzymes (Cherel, 2004). Both elements, 
potassium and sodium (K+ and Na+) are found together in the soil solution. Both of these possess 
positive charge on them and hence during reciprocal absorption and translocation, they employ 
antagonistic or synergistic effects under salinity of salt stress (Hussain et al., 2013). Eventually, 
maintained amount of K+/Na+ ratio is precisely critical for the working stomatal function, for the 
synthesis of protein, cell osmoregulation, photosynthesis activation of enzymes, and turgor 
maintenance (Shabala et al., 2003).  
 Application of K under salinity lowers the production of reactive oxygen species while activities of 
antioxidant enzymes including catalase, superoxide dismutase and peroxidase enhanced during stress 
(Cakmak, 2005; Liang et al., 2007; Abbasi, et al., 2015). Potassium increases the activities of newly 
synthesized Rubisco and net photosynthetic rate. Potassium increases the activities of GS enzyme. 
Potassium also activates starch synthase which is mainly responsible for starch synthesis (Bingsong, 
2002; Kahrizi et al., 2010). Increased accumulation of K+ in salinity stressed plants is important for 
maintenance of increased cellular K+/Na+ ratio. Supplementary K+ can reduce the adverse effects of 
increasing salinity (Ashraf, 2004; Kavitha et al., 2012). Soybean responds favorably to potassium 
application to regulate oil and protein contents in seeds (Tiwari et al., 2002).    
  
  
 Keeping in view the beneficial effects of potassium in alleviating salt stress, A research was conducted 
to evaluate the effect of salt stress on soybean (Glycine max L.) growth and the role of potassium to 
improve salt tolerance through morphological, physiological and biochemical approaches. Following 
were the objectives of research work:   
25  
  
1 To investigate the behavior of K application on the performance of soybean genotypes during 
salinity stress.  
2 To study the role of K application on glutamine sythetase and different antioxidant enzyme 
activities in soybean genotypes under saline condition.  
3 To investigate the effect of K on protein and oil quality of soybean under saline condition.   
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CHAPTER 2 REVIEW OF LITERATURE  
 2.1   Salinity  
 Accumulation of excessive salts dissolved in water, in rocks and soil or on the surface of land is termed 
as salinity. This results when underground salts within the soil profile rise up to the soil surface by 
pumping of ground water. Major cations and anions including K+, Mg2+, Ca2+, Na+, Cl-, SO42-, CO32- 
and HCO32- are responsible of causing salinity with NaCl being the most important salt with higher 
contribution towards salinity (Li et al., 2006) because both Cl- and Na+ are toxic to plants and also Na+ 
cause physical soil deterioration (Dubey, 1997; Hasegawa et al., 2000). Categorically, saline soils are 
generally categorized as the soils having electrical conductivity above 4 dS m-1 (Munns, 2005).  
 2.2   Salinity as a Worldwide Problem  
 Excessive salts presence and waterlogging are the two major problems for agricultural lands, 
responsible for reduced plant growth and even plants death under extreme conditions, eventually 
making soil unfit for plant growth. Total land available for agriculture in the world is around 14 billion 
ha, out of which 6.5 billion ha area is covered by semi-arid and arid regions, while 1 billion ha out of 
this semi-arid and arid region is salt affected (Foolad, 2004). Moreover, worldwide about 33% of 
irrigated agricultural lands and 20% of cultivated are degraded as a result of salinity (Szabolcs, 1994; 
Ghassemi et al., 1995; Foolad, 2004) and each year because of salinity around 1.5 m ha of the land is 
taken out of production (Munns and Tester, 2008).   
 Globally, enormous economic loss has been resulted as a result of salinity and its effects on making 
large area of agricultural land useless for plant growth. Salinity has caused an economic loss of around 
11.4 billion US dollars in irrigated areas while 1.2 billion US dollars in non-irrigated areas annually 
(Ghassemi et al., 1995). Other economic losses caused by soil salinity are disturbance in infrastructure, 
corrosion of roads and potable water (AbdelDayem, 2005). Salinity not only disturbs soil structure, its 
chemical and physical properties but also affect the environment by affecting the vegetation cover. As 
a result, reduction occurs in wildlife and biodiversity (Barnum, 2005) which further results in disruption 
of ecosystems disruption which shortens the resilience of ecosystem (Barrett-Lennard et al., 2006) that 
affect mineral and water cycle and local climate.  
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 2.3   Status of Salinity in Pakistan  
 Salinity is also a serious problem rather threat to agriculture in Pakistan. Human induced factors are 
the biggest cause of salinity which includes mismanaged practices for agriculture and soil erosion 
(World, 2006). Apart from soil, irrigation water is also a major way of causing salinity specifically in 
arid regions (Rus et al., 2002). Out of the total 79.61 million hectares geographical area of Pakistan 
(Khan et al., 2004), about 22.07 million hectares is cultivated (Anonymous, 2006). Salt affected soils 
in Pakistan are mainly found in Indus plain, this area is mainly irrigated through canal system, about 
62,400 km long with a cultivated area of 19.43 million hectares. About 10 million ha area of Pakistan 
is severely affected by salinity which makes up about 12.9% of country land (FAO, 2008). Out of this 
10 million ha, around 26% is irrigated area (Agri. Stat. of Pak., 2010). The major cause of increasing 
salinity in Pakistan is poor irrigation system because of which there is an imbalance between salts 
entering and leaving the soil. Canal and underground water both in combination adds up to 120 million 
tons of salts each year, only fifth part of this salt reaches the sea while remaining adds up in soil which 
results in decreased growth and yield of crops (Alam et al., 2000). Salinity is an environmental agent, 
which because of excessive toxic ions accumulation in rhizosphere causes osmotic stress, reduces the 
water availability and water absorption capacity of plants and plants face physiological drought 
condition. All of these consequences of salinity eventually results in reduced growth and productivity 
of crops. Salt stress also disturbs different physiological process occurring within the plant and water 
relations (Yurekli, 2001).  
 2.4   Salinity and Plant Growth   
 When salts are in excess disturbs the balance of ions and also affect the absorption of mineral nutrients 
both in plant cells and in soil solution (Misra et al., 1990). High salinity reduces leaf growth by reducing 
the rate of leaf expansion. Reduction in leaf area is observed more in salt sensitive genotypes because 
they lack an effective system of excluding toxic ions from transpiration stream and because of salt add 
up, leaves either die or becomes shrined while new leaves become succulent (Munns and James, 2003). 
Salinity is highly dangerous as it affects all stages of plant growth from germination till maturity. Plant 
species vary in their response towards salinity at different stages of growth. Barley (Norlyn, 1980) and 
wheat (Ashraf and Khanum, 1997) were different towards tolerating salt stress at different growth 
stages. However, there was no difference in salinity tolerance with respect to different growth stages 
was observed in case of safflower (Ashraf and Fatima, 1995).   
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 Various studies have revealed that varying ability of plants to tolerate salts depends on their genetic 
ability to compartmentalize salts within the vacuole and exclusion of sodium ion at root level (Munns, 
2002; Ashraf, 2004). Carden et al. (2003) revealed that salt tolerant genotypes in comparison with salt 
sensitive genotypes maintained 10 times less Na+ in their root cells. Various scientists reported that 
almost all metabolic processes like photosynthesis, protein synthesis along with enzymatic activities 
are severely affected under excessive accumulation of sodium in shoots (Ashraf, 2004; Munns, 2005). 
Therefore, removal of Na+ from shoots and addition in roots is an important indicator of salt tolerance 
in plants specially glycophytes (Ashraf, 2004). However, Mansour et al. (2005) found that salt induced 
increase in Na+ accumulation compared with a decrease in K+ and Ca2+ was higher in salt tolerant maize 
cultivar Giza 2 compared with that in salt sensitive Trihybrid 321. Moreover, salt tolerant maize cultivar 
also maintained higher buildup of glycine betaine and proline. Plants also maintained accumulation of 
toxic ions in leaves both at inter and intra specific levels which was also an adaptation of salt tolerant 
plants towards toxic ions.   
 There are various effects with which excessive salinity affects plants growth which includes geno 
toxicity, reduction in cell expansion and division, membrane instability, nutritional disorder, changes 
in the metabolic processes, oxidative stress, ion toxicity and water stress (Hasegawa  et al., 2000; 
Munns, 2002; Zhu, 2007). All these factors consequently reduce growth of plants,  their survival and 
development at all levels. Salt stress adversely affects all the major processes occurring within the plant 
including energy, lipid metabolism, protein synthesis and photosynthesis (Parida and Das, 2005). When 
plants are exposed to salt stress, it starts facing water stress as a result of which expansion of leaves 
becomes reduced. Ionic toxicity and osmotic effects are primarily the two effects of excessive NaCl 
salinity on plants growth (Munns et al., 2006). Later these primary effects of salinity initiates further 
degradation and secondary effects starts appearing like more production of reactive oxygen species, 
reduced cells development, cytosolic metabolism and membrane functions. Under extreme salt stress, 
plant may even die (Essa, 2002).  
 2.5   Effects of salt stress on plant growth  
   There are four major effects of salinity on plants.  
 2.5.1   Osmotic stress  
 Osmotic stress induced by salt stress is the main reason of growth inhibition at early stages, later Na+ 
upon its accumulation in leaves further reduces the growth of plants (Munns, 2005; Munns and Tester, 
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2008; Rahnama et al., 2010). Presence of excessive salts in root medium reduces water potential which 
in turn lowers the water conductivity in roots. Resultantly, permeability of cell membrane reduced 
which then caused reduction in movement of water to plants (Munns, 2002). Jute plants exposed to 
short duration salt stress responded with decreased uptake and retention of water, reduced transpiration 
rate, water use efficiency, leaf water potential and relative water contents (Chaudhuri and Choudhuri, 
1997).  
Plants which were not capable of regulating themselves osmotically didn’t maintain the turgor pressure 
as a result of which photosynthetic process become reduced because of stomatal closure. Reduced 
turgor pressure also adversely affected cell elongation and division (Shannon and Grieve, 1998). 
Various studies have shown strong correlation of plants growth with turgor potential and reduced 
growth of Shepherdia argentea (Jing et al., 2010), rice (Moons et al., 1995) and maize (Cramer et al., 
1994) under saline soils was also because of reduce turgor pressure.  
 At cellular stage the harmful effects of salinity appears in the form of physiological drought (osmotic 
stress) is well reported in many studies (Hasegawa et al., 2000; Munns, 2005; Munns and Tester, 2008; 
Kausar et al., 2014). But, the level of growth reduction caused by osmotic stress basically rely on the 
amount of salts and growing stage of plant as well as the  type of plant tissue in growth medium (Munns 
et al., 1999). It is evident from all above views that osmotic stress produced by salinity stress in plants 
but plant species varies in tolerance of osmotic stress. It is consequently essential to study the 
physiological behavior responsible for the tolerance of salinity; just to find out the growth reduction in 
plant is caused by osmotic stress, specific ion toxicity or any other reason in plant under saline 
condition.  
 2.5.2   Specific ion toxicity  
 From irrigation water plants absorb, translocate and accumulate some toxic ions that cause reduction 
in plant growth. It is quite unlike from other problems of salinity because it can produce either low 
salinity level as well as high level of salinity stress. Sodium, chloride, sulphate and bicarbonates are 
included in these toxic ions that can cause specific ion toxicity if they are presenting in abundant in salt 
affected soils. However, responses of plant in presence of these abundant salts vary depending upon 
kind of plant species (Dogan et al., 2010). It is common perception that nutrient imbalance caused by 
abundant amount of sodium that ultimately specific ion toxicity produced (Greenway and Munns, 1980; 
Ashraf, 2004). Salt sensitive species lacks this ability of controlling Na+ transport. It was noticed that 
Na+  ions seems to accumulate more quickly than Cl- to a harmful level consequently in many 
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experiments the main focus was on the control of sodium within plant as well as exclusion of sodium 
(Munns and Tester, 2008). Like, Na+ and Cl- ions increased in all parts of guava under saline condition, 
mainly in leaves that cause reduction in growth (Ferreira et al., 2001). Likewise, photosynthetic activity 
reduced in the leaves of different species of Brassica napus at high concentration of sodium (Ulfat et 
al., 2007). In canola species the salt tolerance capacity was found different due to small quantity of Na+ 
accumulation their leaves (Qasim and Ashraf, 2006).  Amtmann and Sanders (1998) reported that in 
cytoplasm high concentration of Na+ inhibits normal metabolic processes. Therefore, plants attempt to 
elude excessive accumulation of Na+ in the cytoplasm.   Salt sensitive and tolerant species described 
specific ion effect prominently. For example, plant species in which Na+ accumulation rate was more, 
the leaf damages and growth reduction was high e.g., in canola, cabbage and radish (Jamil et al., 2007). 
In some species, such as citrus, grapevine and soybean despite of Na+ as toxic ion Cl- is measured to 
be the more lethal ion (Grattan and Grieve, 1998). Van Steveninck et al. (1982) reported that more Na+ 
and Cl- in shoots of salt tolerant species of Lupinus luteus observed than salt sensitive Lupinus 
angustifolius.  Conversely, in some species of soybean, leaf injuries were only recorded in which high 
concentration of Cl- was accumulated in their leaves. Leaf burning or drying of leaf tissues of older 
leaves at leaf tips are the symptoms of Cl- toxicity (Marschner and Rimmington, 1996). Cl- toxicity on 
physiological basis of plant growth and development can be described in view of some studies of White 
and Broadley (2001) that roots absorb chloride (Cl-) and translocated to upper parts of plants where it 
causes harmful effects on photosynthetic rate and other important processes of metabolism. It can be 
concluded from all studies that ion toxicity caused by excessive amounts of soluble cations or anions 
in growth medium but effects are different among species.   
 However, differences in specific ion toxicity could be due to plants adaptations at inter-specific or intra-
specific level.  
 2.5.3   Nutritional imbalance  
 Nutrient instability developed by interactions between mineral nutrients and soluble salts (Azeem and 
Ahmad, 2011). Excessive addition of Na+ and Cl- results in ionic imbalance in the cells of plant which 
reduces K+, Ca2+ and Mn2+ mineral nutrients uptake (Karimi et al., 2005). Salinity restricts the uptake 
and concentration of Ca2+ and K+ in the leaves and roots of Brassica napus (canola) species at higher 
levels (Ulfat et al., 2007; Ashraf and Ali, 2008). Metabolic processes in plants severely affected at high 
Na+/K+ ratio under salinity stress (Dogan et al., 2010).  
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 Potassium uptake reduced in soil solution having high concentration of Na+ and Cl- ions resulting 
severe deficiency of K+ deficiency in plants. Chlorosis and then necrosis results in response of K+ 
deficiency in the leaves of plant (Gopa and Dube, 2003). Potassium is the main enzyme for activation 
of major enzymes, maintaining turgor pressure of cell, protein synthesis, photosynthesis and 
osmoregulation (Freitas et al., 2001; Ashraf, 2004). For proper functioning, reliability and maintenance 
of cell membranes Ca2+ and K+ both are key ions (Wei et al., 2003). Under saline condition in plant 
cell maintenance of necessary K+ level mainly depends upon selective absorption of K+, cellular 
compartmentation of K+ and Na+ and distribution in the tissues of leaf (Carden et al., 2003). For 
measuring salinity tolerance calcium transport in plant cells and maintenance of adequate level is also 
very essential parameters (Soussi et al., 2001; Unno et al., 2002). Furthermore, salinity stress can 
decrease K+, Ca2+ and N uptake and accumulation in different crop plants, e.g. wheat (Raza et al., 
2006), sunflower (Akram et al., 2007), radish, cabbage (Jamil et al., 2007) and canola (Ulfat et al., 
2007) . Salinity stress decreases the availability and transport of nutrients from ground to upper parts 
of plants, so vegetative and reproductive organs growth and quality affected by salinity. For example, 
Ca2+ activity decreased at higher concentrations of Na+ in soil leads to decrease its availability in 
Celosia argentea (Carter et al., 2005).  
All the above reports confirm that the accumulation of essential nutrients  
availability limited by salt stress, such as Ca2+, K+ and Mg2+ whereas the concentration of Na+ increased 
in many crop species thus causing reduction in growth and yield. These findings are similar to number 
of studies in which it was concluded that exogenous application of K , Ca or N (salt-induced deficient 
nutrients) can alleviate the adverse effects of salinity on growth and development of many crop species 
e.g., beans, wheat and sunflower (Shabala et al., 2006; Akram et al., 2007; Mahmood, 2011).  
 2.5.4   Reactive Oxygen Species (ROS)  
 Reactive oxygen species produced as a result of salinity stress in plants such as O2- (superoxide), H2O2 
(hydrogen peroxide), 1O2 (singlet oxygen) and OH- (hydroxyl radical). ROS cause damaging effects in 
plants such as peroxidation of lipids, degradation of protein and mutation of DNA (Pitzschke et al., 
2006). The main production sites of ROS in plant cells are chloroplasts, mitochondria, apoplastic space 
and cytosol (Mittler, 2002). Membranes of plant cell can be damaged by over production of ROS 
(Shalata et al., 2001). For detoxification of ROS plants develop certain defensive mechanisms such as 
antioxidant defense system which includes enzymatic antioxidants like superoxide dismutase (SOD), 
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peroxidase (POD) and catalase (CAT), and others non-enzymatic antioxidant compounds (vitamin E, 
carotenoids and phenolics). The main antioxidative enzymes are superoxide dismutase, catalase and 
peroxidases (Ali et al., 2011). Plants having greater ability to produce antioxidants have a high 
resistance for salt-induced oxidative damage proved by many evidences (Bhutta, 2011; Nabati et al., 
2011). For example, in many experiments with pea (Pisum sativum) plants Hernandez et al. (1995) 
concluded that higher activities of chloroplastic CuZn-SOD, mitochondrial Mn-SOD and ascorbate 
peroxidase were recorded in salt tolerant pea plants than in salt sensitive pea plants. Also, oxidative 
stress tolerance improved by over-production of glutathione reductase (GSH) and APX causing in 
improved salt tolerance in wheat plants (Sairam et al., 1998). Cavalcanti et al. (2004) concluded that 
working with cowpea (Vigna radiata L.) efficient SOD-APX-CAT antioxidant system is not 
necessarily involved in enhancing salinity tolerance in plants. Kholova et al. (2010) reported high 
activities of SOD, APX, CAT, GR were recorded in maize cultivars and comparatively lower O2-, H2O2 
and MDA contents than maize sensitive cultivars under different levels of salinity.  
It is concluded from all above discussion that antioxidant enzymes production  
increased as a part of salt tolerance mechanism and ROS scavenging through both enzymatic and non-
enzymatic antioxidants. On the other hand, in a number of crop species a wide range of genetic 
adaptations has been observed under saline condition, fundamental mechanisms of oxidative stress 
tolerance is still not entirely understood in crop plants and thus further research should be done in all 
these aspects.   
 2.6   Effect of salinity on Phenological Aspects   
 The salt stress responses are complex on phonological aspects. Zeng et al. (2002) found that salinity 
affects badly rice grains than number of tillers Salinity reduce growth rate of plants even at low 
concentrations in glycophytes (Greenway and Munns, 1980). Various physiological responses, like 
drought stress, ionic imbalance, toxic ions, carbon allocation and utilization cause stunted growth in 
plant (Munns, 1993). Physio-biochemical characteristics highly disturbed by salinity stress in plants. 
Ahmad and Jhon (2005) reported that significant reduction in, potassium contents, nitrate reductase 
activity and chlorophyll contents and relative water contents in pea plants while proline and sugar 
content increased by increasing salinity stress.  
 Salinity stress has variable effects on different crops depending upon extent of salinity. There is 
significant reduction in germination percentage and germination speed also on shoot and root length 
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with increasing levels of salinity (Bybordi, 2010; Ghogdi et al., 2013). Salt stress decrease germination 
percentage and germination rate (Bernardo et al., 2000). Root and shoot fresh as well as dry weights of 
plant and leaf chlorophyll contents decreased by increasing salinity levels (Akca and Samsunlu, 2012; 
Ghafiyehsanj et al., 2013; Abbasi, et al., 2015). Salt stress cause reduction in leaf growth by decreasing 
leaf cell expansion (Cramer et al., 2001).   
 Restriction in air-water equilibrium and destruction of soil structure occurs due to accumulation of 
salts that cause hindrances in biological processes in plants. Crop yield decreased as a results of harmful 
effects of salinity while arable land is decreasing irrevocably (Supper, 2003). Deficiency of K+ 
produced despite of primary and secondary effects of salinity that cause ionic imbalance which impairs 
permeability of root membranes (Gadallah, 2000).   
The main causes of plant growth reduction are excessive uptake of ions like Na+  
and Cl- under salt stress (Chinnusamy et al., 2005). Both fresh and dry weights of plant reduced under 
NaCl stress, relative growth rate and leaf area also affected by salinity stress (Mansour et al., 2005). 
Reduction in rate of leaf expansion is instant response of plants to salinity stress resulted in decreased 
total leaf area of plant. In general reduction in leaf expansion is associated with a loss in turgor pressure 
than specific ionic effect. Crop plants sensitive to salts in which salts are unable to exclusion by 
transpiration stream, in leaves salts accumulate to toxic levels causing older leaves death (Munns and 
James, 2003; Akhtar et al., 2010).  
 Rapid growth reduction of plants occurs by salinity stress (Saqib et al., 2005) but shoot growth affected 
more as compared to root growth which causes reduction in shoot/root ratio. Moreover, in wheat plants 
salt stress significantly decreased number of tillers as well as their emergence (Maas and Poss, 1989; 
Eker et al., 2006). Similarly, salinity reduces dry matter and yield but the extent of dry weight and plant 
growth reduction depends on crop species and degree of salt concentration (Munns and James, 2003). 
Salt tolerance of soybean varieties varies at vegetative and reproductive stages (Nasim et al., 2007).   
 2.7   Effect of salinity on physiological aspects  
 Salinity stress has different effects on physiological processes of plant such as, changes in plant 
growth, ion toxicity, ionic imbalance, mineral distribution, membrane stability resulting calcium 
displacement by sodium, membrane permeability and decreased the efficiency of photosynthesis 
(Gupta et al., 2002; Munns, 2002; Sayed, 2003).  
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In physiological processes photosynthesis is main parameter which determines the food synthesis of 
plants. For plant growth and development photosynthesis is an important process. But with variations 
among environmental factors the rate of photosynthesis changed ultimately affecting plant growth (Taiz 
and Zeiger, 2006). Ulfat et al. (2007) reported after performing experiment on canola genotypes that 
increasing salinity caused reduction in photosynthetic rate and stomatal conductance occur that cause 
poor plant growth. Toxic ions accumulate in the roots, leaves and stem of tomato plant causing 
reduction in photosynthetic rate as a result of salinity stress (Dogan et al., 2010).  
 In durum wheat by analyzing some factors that affects net CO2 assimilation rate it was concluded that in 
salt treated plants the photosynthetic rate was not much affected even at low stomatal conductance (James 
et al., 2002). This ambiguity could be clarified by the variations in the anatomy of cell like smaller leaves 
but thicker in diameter that outcome in a higher density of chloroplast per unit leaf area. For instance, in 
salt treated leaves of mangrove Bruguiera parviflora mesophyll and epidermal thickness as well as 
intercellular spaces were reduced (Parida and Das, 2004). It is reported that under salt stress reduction in 
leaf expansion accumulate extra photosynthates in growing tissues of plant. Though, salinity stress cause 
decline in leaf area due to reduction in photosynthesis (Munns and Tester, 2008). Under salinity stress 
reduction in photosynthetic pigments cause decreased photosynthesis rate. Salt stress decreased the 
chlorophyll contents in plant but reduction rate in total chlorophyll contents varies among crop species 
(Dogan et al., 2010). Likewise, in Pisum sativum salinity level above 90 mM NaCl reduce chlorophyll ‘a’, 
chlorophyll ‘b’, carotenoids and total chlorophyll contents (Hernandez et al., 1999).  
 Plant cellular activity and physiology affected by salinity by ionic imbalance and osmotic stress 
(Hasegawa et al., 2000; Muranaka et al., 2002; Ranjbarfordoei et al., 2002; Murphy et al., 2003). In 
older leaves salts accumulated that taken up by plant, frequent transportation of salts into transpiring 
plant leaves eventually results in higher Na+ and Cl- concentration causing death of plant leaves. The 
main reason of cellular damage is the over loading of salts in the vacuole for compartmentalization. 
With enzymes activity salts concentration increased in the cytoplasm. Otherwise they might accumulate 
in the cell wall and causing desiccation in the cell (Munns, 2005). Physiological characters could be 
useful selection criteria to screen genotypes for tolerance of salinity such as water relation and 
photosynthetic parameters as in plants water deficiency and low photosynthesis rate caused by salt 
stress (James et al., 2002; Rivelli et al., 2002).   
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 Soil salinity is a vague stress including ionic toxicity, osmotic stress, nutrient imbalance and specific 
ion effect so reduce plant growth and development by affecting various physiological and biochemical 
mechanisms in plants. Salt stress has damaging effects on plasma membrane by affecting peroxidation 
of lipids thus disturbing its permeability resulting in modulation of ion leakage patterns (Sairam  et al., 
2002; Kukreja et al., 2005). Salinity stress damages the main sites of cell like membranes and organelles 
(Candan and Tarhan, 2003) because in plasmalemma or organelles peroxidation of lipids occurs by 
reaction of ROS react with unsaturated fatty acids (Stewart and Bewley, 1980; Karabal et al., 2003). 
To assess salt tolerance ability of plants stability of biological membranes can be used as a useful 
selection criterion (Kukreja et al., 2005). Basic metabolic pathway like respiration primarily connected 
with its effects on functions of enzyme and high concentrations of salt also speeds up respiration 
process in response of salinity (Munns and James, 2003). Respiration rate increased in salt sensitive 
genotypes as compared to salt tolerant genotypes (Saqib et al., 2005). Salt contents primarily influence 
photosynthetic enzymes in tissues while gas exchange and light reactions secondarily influenced. 
Photosynthetic rate reduced by changes in stomatal and non-stomatal features with increasing salinity 
stress (Saqib et al., 2005).  
 The relationship between photosynthetic rate Na+ content was found to be inverse in leaves of plants 
(Eker et al., 2006). Essential nutrients utilization in plants especially K+ and Ca2+ is necessary for 
growth and development but under saline condition plants attainment may also impair that produce 
changes in Na+/K+ and Na+/Ca2+  ratios affecting plant growth (Zhu, 2002; Akhtar et al., 2010). Under 
saline condition low uptake of Ca2+ and K+ might be due to Na+ antagonism and Ca2+ or K+ at uptake 
site in roots, due to Na+ on the Ca2+ or K+ transportation into  xylem vessel (Munns and James, 2003). 
For cell membrane integrity, protection and selection of ions Ca2+ is essential (Munns and James, 2003). 
Therefore, cell membrane integrity and ions selection disturbed and Na+ contents increased in plant 
tissues with the deficiency of Ca2+. Ca2+ is also necessary for ions transport across membranes like K+ 
(Candan and Tarhan, 2003). Soil water potential decreased with increasing salinity stress which reduces 
water availability in soil resulting in reduction of plant growth. In excess of salts in soil solution osmotic 
potential of soil decreased which creates deficiency of water and water potential of leaves decreased 
due to less absorbance of water by plant roots (Munns and James, 2003). Reduction in osmotic potential 
of leaf is related with low leaf water potential, therefore in salinized plants leaf turgor pressure 
maintained (Kaya et al., 2007). Turgor pressure is associated with development of cells in the emerging 
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plant tissues, so the main cause under salinity stress of reduction in the development of plant cell is 
decrease in turgor (Zhu, 2001; Chinnusamy et al., 2005).    
 It can be concluded from all above reports that reduction in plant growth under salt may have been  
due to decrease in photosynthesis rate, which also depends on many factors like photosynthetic 
pigments, volume of photosynthesizing tissue (leaf area), external and internal anatomical features of 
leaf that affect assimilation of CO2 (metabolism and gas exchange). Also, photosynthesizing area of 
plant tissue is more sensitive to both osmotic and ionic components of salinity. Actually for salinity 
tolerance of photosynthetic system depends on how plant effectively protects its photosynthetic 
mechanism from osmotic and toxic effects of salt stress. Though, extent of damaging effects of salt 
stress on photosynthesizing machinery or on plant growth differs depending upon the extent of salinity, 
duration of stress and type of crop species.  
 2.8   Effect of salinity on biochemical aspects  
 Toxic compounds increased as a result of salt stress in plants such as reactive oxygen species that 
includes superoxides, hydroxyl radicals, hydrogen peroxide and singlet oxygen (Breusegem et al., 
2001; Bor et al., 2003; Vaidyanathan et al., 2003). Reactive oxygen species produced as a result of 
reduction of atmospheric oxygen and perform functions in plant such as regulation of plant growth and 
defensive mechanisms in plant only if they are present in adequate amounts. However oxidative stress 
developed if they are produced in extra amount which cause lipids peroxidation (free radicals 
deteriorate fatty acids), change the function of enzymes and proteins (PEPase and Rusbisco damaged), 
DNA damage (especially in chloroplast andmitochondria) and can oxidize chlorophyll contents 
resulting in damage of cellular functions and structure and ultimately death of plant cell (Sharma  et al., 
2012). Induction of oxidative stresses and disturbance of osmotic potential developed by accumulation 
of NaCl and had damaging effects on physiological and biochemical properties of wheat plants 
(Ghafiyehsanj et al., 2013).   
 In plant tissues increased salinity is connected with decrease in auxin, cytokinin and gibberellins and 
increase in abscisic acid levels (Bor et al., 2003; Esfandiari et al., 2007). Morphological, physiological, 
anatomical and biochemical characteristics of crop species directly effected by soil salinity 
(Chinnusamy et al., 2005; Parida and Das, 2005).  
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 2.9   Salinity and soybean growth  
 Soybean (Glycine max L.) is main leguminous crop in all over the world. Soybean originated from 
East Asia but it can be grown in spring and summer in tropical, subtropical and temperate areas of the 
world. United States, Argentina, China, India, Brazil, Canada and Paraguay are the major producers of 
soybean in world. It is main source of good quality protein and polyunsaturated fatty acids in oil, 
vitamins, fibers and minerals so it is becoming essential crop of other countries. It is commonly grown 
for edible purposes but has multidimensional in its uses. Soybean plant is categorized as oilseed rather 
than pulse crop because 85% of soybean is processed into soybean meal and vegetable oil in all over 
the world. In Pakistan it is one of the non-conventional oilseed crops. During 1970’s soybean was 
introduced as an oilseed crop with sunflower in Pakistan, but unfortunately till after three decades it 
could not become so widespread among growers. Gradual decline in area as well as in production of 
soybean recorded in Pakistan during the previous ten years (Anonymous, 2009). The main cause of this 
was lack of knowledge about identification of soybean genotypes suitable for different agro-ecological 
regions of country. Soybean cultivation started as commercially in Pakistan in early 1970's. 
Eestablishment of Oilseed Coordinated Program in 1975 at PARC, variety evaluation work is in 
progress at all the four research institutes of the Quetta - Balochistan; Tandojam - Sindh; Faisalabad- 
Punjab; and Tarnab (Peshawar)- NWFP. Soybean Varieties Developed by Oilseeds Research Program, 
NARC are NARC-I, NARC-II, Rawal-I and Ajmeri (Council, 2010). Soybean oil production in 
Pakistan during 2014 was 18000 MT (USA, 2015).   
 Soybean is one of the most valuable crop in all over the world because of its importance as an oil seed 
crop, having high contents of protein so good source of food for humans as well as feed for livestock 
and aquaculture also biofuel feedstock. Soybean demand increased to fulfill the feed requirement of 
poultry last three decades. Every year Pakistan imports soy meal to fulfill the country’s requirements 
of livestock, poultry and aquaculture from India, North and South American countries. 650 tons of 
soymeal was imported last year and the cost of the meal was 364 million US dollars. Despite of soy 
meal on soy oil import 50 million dollars are spent. Due to ever increasing population requirements of 
soy oil and soy meal are constantly increasing also meal requirements for the growing Poultry industry. 
Soybean is a profitable crop and short duration crop (90-100 days). Soybean improves soil fertility by 
addition of major nutrient N from atmosphere. This is a key advantage in various farming methods 
where there is extensive cultivation of crops and soils fertility levels reduced for the production of more 
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food for ever increasing populations. For cultivation of soybean the climatic conditions of Pakistan are 
suitable (Khan, 2015). It is important leguminous crop both in production and trade in all over the 
world. Also it is good source of fuels as biodiesel (Graham and Vance, 2003).   
 In all over the world soybean is classified as oil seed crop protein rich food crop because its seeds 
contain about 17-24% oil, more than 50% protein, 29% carbohydrates and 6% ash (Essa and Al-Ani, 
2001; Agarwal, 2007; Shi and Cai, 2010). Also it is main source of vitamins, minerals, polyunsaturated 
fat, fibers and energy both for humans as well as livestock (Krishnan, 2001). As it has multi -
dimensional uses also it is called as “the meat that grown on plant” due to rich in best quality protein. 
85% of soybean is processed into vegetable oil and soybean meal in the world so it is classified as 
oilseed. Soybean may become an important source of biofuel production in future (Anonymous, 2009). 
The total requirement of edible oil in Pakistan in 2009-2010 was 4.125 million tons and about 65% of 
requirement of edible oil in country was fulfilled by imports (Akinori et al., 2000; Balasubramaniyan 
et al., 2001; Anonymous, 2012).   
 Soybean is classified as moderately salt sensitive crop (Katerji et al., 2001). Soybean oil quality, 
protein contents and affected by soil salinity (Ghassemi et al., 1995). By salt stress reduction in duration 
of oil accumulation, protein synthesis, and grain yields. Also grain filling duration and seed filling rate 
reduced by salt stress (Yazdi-Samadi et al., 1978; Ghassemi-Golezani and Taifeh-Noori, 2011). Water 
potential may reduced by salt stress which induced ionic stress as well as secondary oxidative stress. 
Growth and development of plants badly affected  by salt stress by changing different metabolic 
processes in plants like assimilation rate of CO2 and synthesis of oil and protein  (Khan et al., 2007). 
About 18-21% of seed dry weight of soybean is oil in the triacylglycerol form. After 24 to 40 days of 
flowering, oil percentage rapidly increases and 30% of the total oil of the mature seed produced by the 
end of this period. The remaining 70% is produced during period of desiccation from 40 to 64 days 
after flowering (Hajduch et al., 2005).   
 2.10   Mechanisms of salinity tolerance of plants  
 For the reduction of adverse effects of salinity plants adapt different mechanisms but they perform 
differently to reduce these effects because of genetic variations. According to tolerance of salinity, 
there are two categories of plants named as: glycophytes and halophytes. Glycophytes cannot tolerate 
the high levels of salinity while halophytes can tolerate salinity levels upto 200 mM NaCl (Kosova et 
al., 2011). There are three types of physio-biochemical mechanisms of salt stress tolerance as: osmotic 
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adjustment, exclusion of sodium and chloride and tissues tolerance for the accumulation of extra 
sodium and chloride (Munns and Tester, 2008). Additionally, for salt tolerance accumulation of K+ in 
cytoplasm considered as main factor (Zhu, 2002). Woody perennials e.g. avocado, and those plant 
species that are routinely grown on root stock that exclude Cl-  such as grapevines and citrus also some 
leguminous crops like soybean accumulate more Cl- than Na+ in leaves. For such plants, toxicity of 
chloride is more lethal as compared to sodium as they have better mechanism of sodium exclusion than 
chloride from leaves (Prior et al., 2007).  
 2.10.1   Salinity tolerance of plants  
 The capability of plants to endure the adverse effects of salinity in the area of root zone or in the leaves 
is defined as salt tolerance (Shannon and Grieve, 1998). On the base of salt tolerance, plants can be 
categorized as halophytes and glycophytes (Marschner and Rimmington, 1996). The plants that can 
grow in the presence of high salt concentrations even in sea water and also in more saline environment 
than sea and can survive better than glycophytes. On the other hand glycophytes are those plants that 
are sensitive salt concentrations even at very low amounts. According to Munns (2002) mainly there 
are two types of salt tolerance mechanisms in plants (i) those reducing the entry of salt into the plant 
and (ii) those reducing the salt concentration in the cytoplasm. Both types of mechanism are present in 
halophytes; they can exclude salt and can compartmentalize the salt in the vacuoles of cell effectively. 
These mechanisms permit them to grow in saline soils for long periods of time. Some of the glycophytes 
also have ability to exclude salts, but they are incapable to compartmentalize the residual salts as do 
halophytes effectively. But, most glycophytes have poor capability to salt exclusion and salts 
concentrate in the transpiring leaves to toxic levels.  
 The ability of salt tolerance varies among different crop species (Ashraf, 2002, 2004) but generally all 
plants use the same mechanisms of salt tolerance (Zhu, 2001, 2002). Various environmental factors 
affect salt sensitivity of plants (Marschner and Rimmington, 1996) and developmental stage of plant 
effect salt tolerance mechanisms in plant (Ashraf and Khanum, 1997; Vicente et al., 2004). On the 
other hand, by avoiding high salt contents plant salt tolerance can be attained e.g. delayed in 
germination or maturity stage until favorable conditions, exclusion of salts at root level or favored 
growth of roots in non-saline zones, salts compartmentation in vacuole of cell or specialized cells like 
salt hairs and salt glands or storage in older leaves and careful exclusion of Na+ against Ca2+ or K+ 
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(Greenway and Munns, 1980; Marschner and Rimmington, 1996; Hasegawa et al., 2000; Tester and 
Davenport, 2003; Ashraf, 2004; Flowers, 2004; Munns, 2005).  
 2.11   Strategies to improve salt tolerance  
 2.11.1   Physiological and biochemical basis of salt tolerance  
 For increasing salt tolerance all efforts through conventional plant breeding approaches are laborious 
and time consuming and depend mainly on existing genetic variability. Furthermore, single traits that 
are multi gene controlled are difficult to modify. Taking benefit of the considerable knowledge of 
physiological responses, the physiological selection criteria can be best selection tool to improve the 
selection of agronomic traits of plants (Noble and Rogers, 1992). Plants when exposed to salinity stress 
environment, plants effort to escape that stress state or accept such mechanisms that can save them 
from damaging effects.  
 2.11.1.1   Initial entry of salts into roots  
 Symptoms of salt stress observed in the roots of various plants when they were exposed to high salt 
concentration growth medium. Plant genotype, relative humidity, temperature, intensity of light and 
growth stage affects uptake of ions in plant. Plant growth can be reduced by presence of higher amount 
of NaCl in rhizosphere which finally reduced the crop yield. Different pathways are adopted by plants 
i.e. apoplastic and symplastic pathways for the ions uptake from growth medium. This pathway, 
symplastic pathway is energy driven process while the apoplastic pathway don’t require energy. The 
driving force of energy is the difference in osmotic potential. Different transporters affect the uptakes 
of potassium and sodium ions as reported by (Garciadeblas et al., 2003).  
 2.11.1.2   Intra-cellular compartmentation  
 There are various mechanisms at cellular level of plant involved in tolerance mechanisms of salinity.  
 2.11.1.3   Ion homeostasis pathway  
 In cell of plant ion pumps like protein carriers, symporters and antiporters regulate the ion homeostasis 
(IH). Salt overly sensitive (SOS) is one of the best example of regulatory pathway in ion homeostasis. 
Salt-overly sensitive mutants (SOS) includes in one of the three salt-overly sensitive (SOS) mutants as 
they are not mannitol sensitive while hypersensitive to NaCl specific salt rather than osmotic effect. 
SOS1, SOS2 and SOS3 are three main mutants that indicate numerous phenotypes with reference to 
accumulation of sodium (Liu and Zhu, 1998; Halfter et al., 2000). On plasma membrane SOS3 induces 
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SOS2, to increase the activities of Na+/H+ antiporters of Arabidopsis thaliana (Quintero et al., 2002; 
Guo et al., 2004; Guo et al., 2004). In vacuole of cell Na+ is stored and before it reached to lethal level 
it enters into cells of leaf for several activities of enzymatic. This activity is controlled by a vacuolar 
Na+/H+ antiporter (Blumwald et al., 2004). By application of salt this activity of Na+/H+ antiporters can 
be increased but the enhancement is less in salt sensitive than salt tolerant genotypes (Staal et al., 1991). 
The over expression of vacuolar transporters increase the tolerance of salinity in rice and tomato plants 
proved in many experiments (Zhang and Blumwald, 2001; Fukuda et al., 2004). By increasing the 
uptake of Na+ in vacuole of cell the storage of Na+ is enhanced and facilitated and ultimately decrease 
the Na+ in cytosol and increase the salt tolerance.  
 Halophytes and glycophytes cannot bear high concentration of Na+ in cytoplasm of cell. Therefore, by 
restriction of excessive Na+ ions in cytoplasm plants protect their metabolism in both categories. Carden 
et al. (2003) reported after conducting experiment with barley that with salinity stress of 5 days in salt 
tolerant genotype a 10-fold low concentration of Na+ in cytoplasm of root cells can be maintained than 
salt sensitive genotype.  Wei et al. (2003) reported that “Maythorpe (salt sensitive) when grown under 
salinity stress retained higher concentration of Na+ but less Ca2+/Na+ and K+/Na+  ratios in young sheath 
tissues and leaf blade as compared to “Golden Promise” (salt tolerant). Munns and James (2003) 
reported that genotypes of durum wheat which cannot exclude salts by stream of transpiration due to 
more salt-sensitive resulting damage of new leaves and death of plants.  
 It was decided by Van Steveninck et al. (1982) after various experiments on different genotypes that 
Lupinus luteus accumulate high concentration of Na+ in stem of plant is salt tolerant specie than L. 
angustifolius that is salt sensitive species. But in the uptake of sodium ions even within one species 
such type of differences can be found. For example, among maize varieties having different index of 
salt tolerance accumulation of sodium varies  
(Hajibagheri et al., 1987). Within some special parts of plant or in all plant cells these kinds of mechanisms 
may exist, indicating adaptations at cellular levels or whole level of plant (Carden  et al., 2003; Tester and 
Davenport, 2003). Glycophytes have the ability to adopt both these mechanisms e.g. ion exclusion and ion 
inclusion can be confirmed from all these reports. However, these mechanisms mainly depend on ion 
distribution pattern between leaves and other parts of plant (Munns, 2002; Ashraf, 2004; Dogan et al., 
2010; Nemati et al., 2011).  
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 2.11.1.4   Synthesis of osmoprotectants  
 The compatible solutes also termed as organic solutes synthesized by plants such as sugars, free amino 
acids, quarternary ammonium compounds and proline during osmotic stress. These compatible solutes 
do not affect the enzymatic activities of plant even if present in greater amounts (Ashrafijou  et al., 
2010; Nabati et al., 2011). These compounds are exist in cytoplasm and some ions like Na+ and Cl- are 
specially sequestered into vacuole during osmotic stress which help in maintenance of turgor in plant 
(Bohnert et al., 1995).  
 2.11.1.5   Sugars  
 Under salinity stress in all plants soluble sugars play an important role in osmotic adjustment. Under 
drought and salinity stress many researchers concluded that plants store sucrose (Nabati et al., 2011). 
Also the other soluble sugars like glucose and fructose have significant role in osmotic adjustment 
under stress environment. Ashraf and Naqvi (1992) concluded that in shoots of four Brassica species 
such as, B. juncea, B. Carinata, B. napus and B. campestris soluble sugars increased under salinity 
stress except B. carinata among all of these. The total sugars concentration reduced in leaves of canola 
genotypes except one in growth medium of plants having higher levels of salinity (Qasim, 2000).  
 2.11.1.6   Free amino acids  
 In osmotic adjustment of plants free amino acids plays a significant role as solutes under salinity stress 
(Ashrafijou et al., 2010). In salinity tolerance formerly it was common thought that osmotic adjustment 
does not provide the physiological criteria for this trait (Munns, 1993). But under salinity stress solutes 
identification in plant cells could verify valuable knowledge in recognizing the salt tolerant plants. In 
osmotic adjustment of plant cells various amino acids such as glycine, alanine, valine, leucine, proline, 
arginine and serine participate (Mansour, 2000). In growth medium of plant by increasing salt contents, 
increment of total free amino acids were observed in all lines of canola (Qasim, 2000).  
  
 2.11.1.7   Proline  
 In higher plant generally proline concentration usually higher and also under salinity stress its contents 
further increased (Dogan et al., 2010; Nabati et al., 2011). It is evident that proline play a vital part in 
in plant cells membrane stabilization (Gadallah, 2000). The production of proline has been described 
under plant stress condition as a nonspecific response of plants (Ashraf and Wu, 1994). It was 
concluded that under saline condition in four Brassica species such as B. campestris, B. juncea, B. 
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napus, and B. carinata proline contents were increased significantly by increment in Na+/Ca2+ ratio in 
growth medium (Ashraf and Naqvi, 1992). Under salinity stress in salt tolerant genotypes of B. Juncea 
proline contents increased markedly in leaves of plants than salt-sensitive genotypes (Kumar, 1984). It 
was reported that in B. juncea lipid peroxidation decreased by proline contents (Saradhi and Mohanty, 
1993).  
 2.11.1.8   Up-regulation of the anti-oxidant system during stress  
 ROS are produced under salinity stress environment and plants have to bear their higher concentration 
of ROS e.g. hydroxy-radicals, superoxide, and H2O2 as a consequence of impaired electron transport 
methods in photorespiration pathway, chloroplast and mitochondria. Under normal environment ROS 
production in cell is very small as hydrogen peroxide is 0.5μM and 240 μM S-1 superoxide (Mittler, 
2002). Nevertheless, under stress situations production of ROS reached to maximum limits such as 
drought, salinity. Light, heat stress, heavy metals and water logging. Numerous systems are developed 
by plants for minimizing and scavenging the level of ROS by means of different antioxidant enzymes 
like superoxide dismutase, peroxidases and catalases etc.  
 2.12   Agronomic characters for salinity tolerance  
 Crop yield is the most important standard for measuring the responses and extent of salinity stress. 
But, the responses of growth parameters and yield components show variation in responses during 
salinity stress. However, by various authors the practical index includes plant survival, germination 
rate, shoot and root dry weight, number of shoot, leaf damage resistance, maintenance of flowering, 
size of leaf, seeds and fruit size, leaf size and quality of grains (Akram et al., 2011; Ghaloo et al., 2011). 
Under salinity stress tolerance of crop plants the growth stages are not related to each other also the 
timing of development regularly affected. Jones and Qualset (1984) claim in a review that growth 
parameters of plants must be measured to recognize salt sensitive growth stages during all the growth 
period of plant. The integration of physiological mechanisms, environmental and genetic effects on 
growth and yield of plant due to salinity stress are described by agronomic characters (Munns, 1993). 
Reliable and consistent information should be provided by physiological basis than agronomic 
parameters (Yeo and Flowers, 1994). Certainly, for salinity tolerance achievement of indirect selection 
by means of biochemical and physiological parameters as markers rely on the strength of such markers 
relationship with plant salinity stress responses.  
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 2.13   Na+/K+ ratio  
 Under saline condition, due to High concentration of exchangeable Na+, low K+/Na+ ratio present in 
soil under saline condition. Plants subjected to such environment, Plants absorb higher contents of Na+ 
while lower amount of K+ under such type of stress environment. For the maintenance of cell membrane 
integrity and proper functioning adequate amount of K+ is necessary (Wei et al., 2003). So 
compartmentation of selective K+ and Na+ in the cell and uptake of K+ selectively and its distribution 
in shoots maintain adequate level of K+ in tissue of plants under salt stress (Munns et al., 1999; Carden 
et al., 2003; Chen et al., 2005; Chen, Zhou, et al., 2007). In salt tolerant  genotypes of maize higher 
uptake of K+ than Na+ was recorded (Fortmeier and Schubert, 1995; Akram et al., 2010) similar results 
were found in wheat (Munns and James, 2003) and barley (Wei et al., 2003). Under saline condition in 
plants higher K+/Na+ has been considered important criteria for salt tolerant genotypes selection (Wei  
et al., 2003; Akram et al., 2010).  
 2.14   Photosynthesis  
 Under saline condition high amount of salts can cause shrinkage and irregularity in thylakoids and 
stacking of adjacent membranes in grana in the photosynthetic tissue. Ionic balance can develop K+ 
deficiency in chloroplasts and also cessation of the photo systems. In various crops such as wheat 
positive correlation between photosynthetic capacity and plant yield have been found under saline 
condition (Akram et al., 2011), Gossypium hirsutum (Pettigrew and Meredith, 1994) and Brassica 
species (Ashraf, 2001). To determine salinity tolerance of plants photosynthetic pigments are also 
sufficiently used. Therefore, in many crops such as tomato lower chlorophyll contents have been 
observed due to salinity stress (Dogan et al., 2010) and thus, for salt tolerance indication  chlorophyll 
contents have been suggested as one of the main traits among others (Sairam et al., 2002).  
 In different plant species the level of photosynthesis with salinity tolerance, it is determined that for 
successful selection criteria of salt tolerance the photosynthesis rate is only valuable as a in those crop 
species where close association is present between plant growth and photosynthetic capacity under 
saline condition. Genetic engineering or plant breeding can be one of the best approaches to select crops 
having higher rate of photosynthesis under saline condition to improve their performance and yield. In 
order to develop practicable approaches for selection of salt tolerant genotypes with higher potential, it 
is essential to recognize whether variations in physiological or biochemical factors due to saline 
condition are attributable to damaging effects of salinity, or are the parameters of the mechanism of 
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adaptation. In view of all above discussion, it is clear that none of above signs can be declared as 
worldwide criteria of salt tolerance selection. It would be considerably more valued if these parameters 
are specified for individual plant species.  
 2.15   Shot-gun approaches  
 Exogenous applications of compatible solutes, inorganic salts, antioxidants and growth promoters can 
be used to induce salt tolerance in plant species (Hayat and Ahmad, 2003; Raza et al., 2006; Ashraf 
and Foolad, 2007). While, many traditional approaches such as genetic engineering, molecular biology 
and plant breeding techniques are in fashion to grow salt tolerant genotypes of essential profitable crops 
but success ratio has been attained has been very low to develop salt-tolerant genotypes by using these 
approaches (Ashraf and Foolad, 2007). By application of several organic and inorganic compounds 
some salt resistant cultivars have been developed. To improve crop productivity under saline condition 
exogenous application of these chemicals has been suggested as an effective and cost effective strategy 
(Ashraf and Foolad, 2007). Numerous types of inorganic and organic compounds have been used on 
many potential crop species to reduce the adverse and harmful effects of salinity stress in past few 
decades. However, many factors affect the extent of their ameliorative effect and functioning such as 
the type of chemical and its interaction with other salts in plant growth medium, the mode of their 
application, type of crop, and the stage of plant at which they are used etc.  
2.16   Effect of potassium on morphological, physiological and biochemical 
attributes  
 2.16.1   Role of potassium in salt tolerance   
 Environmental stresses including biotic and abiotic stresses affect crop growth and production 
negatively and decrease both crop quality and quantity. Potassium is an essential macronutrient after 
nitrogen and phosphorus that enhance growth of plant, influence plant metabolism, physical and 
biochemical mechanisms positively (Wang et al., 2013). Osmotic stress produced by salinity stress 
limited root growth of plants and specific toxicity of ions that produced by reduction in nutrients 
accumulation and translocation of nutrients inhibited particularly with potassium deficiency. As sodium 
and potassium have resemblances in physical and chemical properties, so for main binding sites sodium 
could compete with potassium in essential metabolic methods including both transporters of high and 
low-affinity and could also interrupt metabolism of plants (Shabala and Cuin, 2008; Marschner and 
Marschner, 2012). Deficiency of potassium is generally be detected under saline condition. Initially, in 
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soil solution K+ activity is decreased by high concentration of Na+, causing reduction in availability of 
potassium for plants. Moreover, accumulation of  K+ decreased because sodium not only restricts 
transports of potassium from root medium to shoot but also for cell membrane compete with potassium 
causing reduction in plant growth and productivity (Botella et al., 1997). Also, cell membrane dis-
integrity caused by salinity stress resulting in leakage of potassium caused reduction in potassium 
accumulation cytoplasm (Coskun et al., 2010).   
 Accumulation of potassium in plant tissues  occur by application of potassium in greater amounts 
inhibit sodium accumulation and increase K+/Na+ ratio (Mian et al., 2011). In barley plants K+ 
deficiency considerably increased the harmful effects of salinity in photosynthesis process 
(Degl’Innocenti et al., 2009; Qu et al., 2012). In maize plants deficiency of K+ hinder assimilation 
process of photosynthetic carbon and nitrogen and also damage the photosystem I and photosystem II 
of light reaction pathways (Qu et al., 2011). In roots of barely plants potassium flux under salinity stress 
was correlated with assimilation of net CO2, survival rate, plant growth, relative yield of grains and 
tolerance to saline condition (Chen, Zhou, et al., 2007). K+ deficiency under salt stress increase the 
production of ROS which was recognized to the effects the availability of potassium and toxicity of 
sodium on closing of stomatal leaves and the reduction of photosynthetic rate and eventually inhibition 
of plant growth and development and yield (Gong et al., 2005). Reduction in the potassium contents in 
cytoplasm occur leading to program cell death under saline condition that activates caspase-like 
proteases in plant cells. By application of higher contents of potassium for metabolic requirements of 
plants under salinity stress leads to lower Na+/K+ ratio and ultimately reduce sodium contents in plants. 
In saline soils the addition of potassium results in increased potassium contents in tissues of plant 
associated with reduced concentration of sodium that is vital for tolerance of salinity and plant growth. 
Consequently, maintenance of balanced nutritional status of K+ is important for resistance to biotic and 
abiotic stresses in plants. Proper fertilization and efficient use of potassium with other nutrients not 
only enhance the plant growth but also contribute to sustainable quantity and quality of plant and also 
reduce adverse effects of environment (Wang et al., 2013).  
 The effects of salinity stress on composition of nutrients in plant tissues, particularly potassium and 
calcium has been widely considered. Harmful effects of salinity on plant growth caused by imbalance 
of ions are especially K+ and Ca2+ (Lynch and Lauchli, 1985; Bliss et al., 1986). For survival of plants 
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the maintenance of comparatively high contents of Ca2+ and K+ is necessary under saline condition 
(Greenway and Munns, 1980).  
 2.17   Morphological attributes  
 In arid and semi-arid areas of the world salinity stress is an agro-environmental issue causing reduction 
in plant growth and development (Ashraf, 2004). Reduction in relative growth rate, net photosynthetic 
and assimilation rate, and also in the production of biomass was observed by salinity stress (Akram et 
al., 2011; Sun et al., 2011). Kabir et al. (2004) concluded plants total dry matter reduced which 
ultimately leads to reductions in yields of crops  under saline condition but potassium application in 
such stress environment enhance growth, development, biomass and yield of barley plant  (Mahmood, 
2011). Nadia (2006) conducted a research under saline condition on barley plants to inspect the effect 
of potassium application rates on growth and mineral nutrition. They concluded that shoot length, straw 
and grains yield increased by the application of potassium. It is evident that sustainability of agriculture 
and crop production affected by salinity stress in various areas of the world and primarily reduce the 
productivity as well as value of the salt affected lands (Mohammad et al., 1998).  
 On the translocation of potassium the inhibitory effect of salinity stress in nutrient solution was high 
with low concentration of potassium than at 0.1 and 1 mmol L-1 0.1 and 1 mmol L-1 both levels of K+ 
applied in maize seedlings (Botella et al., 1997). Thus, root dry weights are not much affected by 
salinity stress, but in nutrient solution the low concentration of K+ considerably decreased shoot dry 
weights. Comparable results have been obtained in spinach plants as by showing their better 
performance by the application of potassium and considerably minimizing the differences in shoot 
growth among plants grown in high and low levels of salinity stress (Chow et al., 1990). The inhibition 
of shoot growth under salinity stress at low concentrations of K+ in soil solution was credited to the 
deficiency of K+ and toxicity of Na+ in plant species. (Endris and Mohammad, 2007) observed after 
conducting an experiment on barley plants in a greenhouse to see the yield responses in combination 
potassium application and salinity stress. They determined that in barley plant potassium application 
improved yield as well as components of yields under saline condition. Aslam et al. (1998) analyzed 
various methods of potassium application under saline soil condition in rice plants and described that 
the increment was recorded in straw yield, paddy, and 1000-grain weight.  
 At the rate of 0, 40, 80, and 120 Kg ha-1 potassium was applied and maximum yield of grains and 
1000-grain weight was achieved at 120 Kg ha -1 with potash application (Sharif and Hussain, 1993). In 
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maize crop the yield components such as number of grains, ear length and 1000-grain weight persisted 
less effected while ear yield was highly affected by increasing rate of potash. Also the factors remained 
unaffected such as plant height, silking, and days to tasseling but protein concentration and stalk yield 
were considerably affected. The most recommended potash dose is 125-160 Kg ha-1 but beyond this 
potash application is not recommended (Chaudhary and Malik, 2000). The both yield as well as profit 
increased by applying potash at the rate of 150 Kg ha-1 with increment in grain yield by  
10.8 Kg with application of each Kg potash (Zhang et al., 2000).  
  
  
 2.18   Physiological attributes  
 For proper functioning of various physiological parameters such as photosynthesis, enzymes activation 
and reduction in the uptake of excess sodium under saline condition potassium is required (Mengel et 
al., 2001; Reddy et al., 2004). In plant cells turgidity is maintained by potassium that is essential for 
uptake of water (Carroll et al., 1994). In Mung bean plants the relative water contents and water holding 
capacity severely affected by salinity but with potassium at proper amounts significantly improved the 
plant water relations (Kabir et al., 2004). Significant reduction in growth was recorded at higher levels 
of salinity which minimize fresh and dry weight of leaves as well as leaf area. These variations were 
correlated with reduction in relative water content and K+ contents (Ghoulam et al., 2002). Reduction 
in relative water content (RWC) under saline condition was also recorded in various crops like in alfalfa 
(Serraj and Drevon, 1998), mung bean (Nandwal et al., 1998) and Kochia scoparia (Nabati et al., 2011).  
 On photosynthetic efficiency the beneficial effect of potassium has been reported in sugarcane and it 
was observed that the rate of photosynthesis highly reduced by salinity stress but it enhanced with 
application of potassium treatment (Noaman, 2004). Low contents of sodium and chloride in leaves of 
plants resulted in higher rates of photosynthesis (Dogan et al., 2010). Perera et al. (1994) observed with 
increasing salinity stress the rate of transpiration and stomatal conductance decreased significantly. 
Photosynthesis, stomatal conductance and transpiration rate directly associated with each other so 
assimilation rate of CO2 and photosynthetic rate reduced by reduction in transpiration rate and stomatal 
conductance. They further reported that in plants the increment in stomatal conductance is the sign of 
increase in diffusion of CO2 into leaf, thus increasing photosynthetic rates. Therefore, higher yield of 
crops reported by higher CO2 assimilation rates (Perera et al., 1995). In sorghum plants the leaf growth, 
49  
  
chlorophyll fluorescence, and gas exchange were recorded in response to salinity stress by Netondo et 
al. (2004). Meloni et al. (2004) also observed the growth and physiological attributes in algarrobo 
(Prosopis alba L.) seedlings under salinity stress and reported that root morpho-physiological 
parameters effected by increment in NaCl concentration.   
 In red beet water relation attributes such as osmotic potential and leaf relative water contents significantly 
reduced at lower contents of potassium (Subbarao et al., 2000).  
Under saline condition adequate levels of potassium in soil facilitated plants to absorb more water to 
maintain turgor potential in plant.  It is also very well  known that in osmotic potential of cell potassium 
is vital component which is directly involved in all physiological and biochemical attributes such as  
turgor potential maintenance and photosynthesis under salinity stress (Akram et al., 2009).  
 2.19   Biochemical attributes  
 A number of physiological and biochemical attributes reduced like uptake and assimilation of nutrients 
under salinity stress (Munns, 2002; Ali et al., 2011). For synthesis of protein, enzymes activation and 
photosynthesis potassium is required also under stress condition potassium as a major osmoticum 
compete sodium and facilitate cell expansion and turgor driven movements (Hu and Schmidhalter, 
2005). It was reported after conducting many experiments that by addition of potassium alleviates the 
harmful effects of salinity stress by increasing stomatal regulation, energy status, osmoregulation, 
protein synthesis, charge balance, and ionic homeostasis (Sanjakkara et al., 2001; Mahmood, 2011). 
Generally potassium in required in elemental form for the activation of many enzymes which involved 
in growth and development of plants (Suelter, 1985). Protein synthesis mainly depends on efficient 
metabolism of nitrogen also all enzymes are protein in nature and salinity stress disturb this metabolism. 
On protein synthesis sites the amino acids transport the main role of potassium played in activation of 
enzymes and electrical charge balancing (Ashraf, 2004). In cereal and oil seed crops potassium is often 
considered as main important nutrient. Environmental stresses like salinity, drought, nutrient 
limitations and high light intensity affect plants badly by production of ROS with oxidative damage 
such as hydrogen peroxide, super oxide, ionic toxicity, hydroxyl radical, and deficiency of potassium. 
Increased production of antioxidants in salt tolerant genotypes for detoxification of ROS occurs under 
salinity stress (Zhu, 2001; Ali et al., 2011).  
 It is suggested that ROS production can be minimized greatly by improving potassium nutritional 
status of plant (Cakmak, 2005). Production of enzymatic antioxidants increased with application of 
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potassium humate while reduce MDA contents and senescence of ginger root delayed (Liang et al., 
2007). Antioxidant enzymes increased with application of KNO3 that alleviates harmful effects of 
salinity in winter wheat (Zheng et al., 2008). With application of potassium the activities of antioxidants 
such as SOD, GPX, and CAT improved for scavenging ROS (Soleimanzadeh  et al., 2010). Suelter 
(1985) observed that the activity of pyruvate kinase enzyme increased with application of potassium 
that has major role in glycolytic pathway involved in 3-p-glyceraldehyde to pyruvate conversion for 
the production of energy. In plant vacuole for maintenance of ionic balance, compatible solutes having 
low molecular weight are accumulated in cytoplasm of plants. Proline and glycine betain are mainly 
included in these compatible solutes (Khan et al., 1998; Singh et al., 2000). With normal biochemical 
function of plants these compatible solutes do not interfere.   
 The main distinction of salt-stressed plants is the reduction in potassium nutrition and sodium 
accumulation. Consequently, Na+/K+ ratio is considered as valuable parameter to assess tolerance of 
salinity (Akram et al., 2010).  To minimize growth reduction in saline soils selection of genotypes with 
higher ratios of K+/Na+ ratio is an important approach (Santa-Maria and Epstein, 2001). Rascio et al. 
(2001) determined a mutant of wheat with extraordinary capacity in K+ accumulation in the shoots and 
indicated that this mutant prominently improved hydration of tissues, germination of seeds and growth 
of seedlings as compared to other wheat genotypes under salinity stress. Generally saline soils have 
lower concentrations of K+ and Ca2+ than Na+ which results in accumulation of Na+ passively in both 
shoots and roots (Bohra and Doerffling, 1993). From root membranes Ca2+ displaced by high 
concentration of Na+ thus altering the integrity of membranes and also affecting the uptake of K+ 
selectivity (Cramer et al., 1987). Loading of K+ in xylem is controlled by uptake of K+ (Engels and 
Marschner, 1992). This shows that NaCl stress not only reduce the uptake of  K+ but also inhibit K+ 
translocation highly from root to shoot resulting  in reduction of  K+ shoot concentration while higher 
concentration of K+ in root.  
  
CHAPTER 3  MATERIALS AND METHODS  
3.1   STUDY 1 3.1   Screening of soybean genotypes against salt stress 
(Hydroponic Study)  
 3.1.2.1   Plant material, growth and treatment condition  
 An experiment was conducted in rain protected wire house of Institute of Soil and Environmental Sciences 
(ISES), Saline Agriculture Reasearch Centre (SARC), University of  
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Agriculture, Faisalabad during 2013–14. The response of eleven soybean genotypes (NARC2, William-
82, Ajmeri, Rawal-1, Lakota, Kwowgyo, C.N.S., No. 13, No. 62, S.39.40 and No. 54) was assessed 
under different levels of NaCl (control, 60 and 120 mM NaCl) alone and also in combination with K 
(60 mM NaCl + 6 mM K, 60 mM NaCl + 9 mM K, 120 mM NaCl + 6 mM K and 120 mM NaCl + 9 
mM K). The design of the experiment was Complete Randomized Design (CRD) in factorial 
arrangement with four replications. Soybean seeds were collected from National Agriculture Research 
Centre (NARC) Islamabad, Pakistan and Ayyub Agriculture Research Institute (AARI) Faisalabad, 
Pakistan. The nursery of soybean was grown in iron trays lined covered with polythene sheet having 2 
inch sand layer. The plants were transferred at two leaf stage to Hoagland’s nutrient solution having 
200 L capacity (Hoagland and Arnon, 1950) in thermo pore sheet (floating on water in tubs) placing 
them after wrapping with foam at root shoot junction. During the course of the experiment aeration was 
retained with the help of aeration pumps (24 hrs) and the nutrient solution was changed after every 
week. Treatments were applied to soybean plants after one week of transplantation. KNO3 salt was 
used and its application may also add some amount of nitrogen and in order to escape this effect, I did 
calculations separately for each treatment and from Hoagland’s nutrient solution reduced the exact 
amount of nitrogen for each treatment which was supplied from KNO3 application while nitrogen was 
added in controlled treatment as per composition of Hoagland’s nutrient solution. The pH was 
maintained at 6.5 ± 0.5 during the experiment (60 days) to make sure the availability of nutrients. After 
60 days of salt stress soybean plants were harvested. The data was collected for growth and various 
physiological and chemical parameters. The detail of these parameters is as under.   
 3.1.2.2   Relative Water Contents (RWC)  
 Fresh leaves of soybean plants were removed with four replications from each treatment and 
immediately weighed to record fresh weight (FW) of leaf, then dipped in distilled water for 12 h. The 
soybean leaves were blotted to wipe off excess water then weighed fully turgid leaf weight (TW) and 
kept to oven drying at 65 °C temperature to record the leaf dry weight (DW) for 48 h. Relative water 
content were measured using equation suggested by Sairam et al.  (2002).  
  
       RWC= [(FW-DW)/ (TW-DW)]  
 3.1.2.3   Membrane Stability Index (MSI)    
   The membrane stability index of soybean plants was measured according to  
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Sairam et al. (2002). In 10 ml of distilled water leaf samples (0.1 g) were retained in two sets. One set 
was placed at 40 °C for 30 minutes and its electrical conductivity (C1) was measured using a electrical 
conductivity meter. The second set was placed in boiling water bath (100 °C) for 15 minutes, and its 
electrical conductivity was also measured (C2). The membrane stability index (MSI) was determined 
as:  
  
           MSI = [1– (C1/C2)] × 100  
 3.1.2.4   Leaf area  
  Leaf area of soybean plants (cm2 plant-1) was recorded with the help of leaf area meter.  
 3.1.2.5.   Determination of chlorophyll content  
 Chlorophyll content of soybean leaves was measured using SPAD chlorophyll meter (Minolta, Japan).  
 3.1.2.6.   Determination of gas exchange parameters   
  Net photosynthetic rate (A), transpiration rate (E), stomatal conductance (gs), and sub-stomatal CO2 
concentration (Ci) were measured on fully expanded younger leaf with the help of open system LCA-4 
ADC portable infrared gas analyzer. The readings were recorded from 10.30 a.m. to 1.30 p.m. with the 
following specifications/adjustments: leaf surface area  
11.35 cm2, temperature of leaf chamber (Tch) varied from 39.2 to 43.9 0C, leaf chamber volume gas flow 
rate (v) 396 ml min-1, leaf chamber molar gas flow rate (U) 251 μmol S-1, ambient pressure (P) 99.95 kPa, 
molar flow of air per unit leaf area (Us) 221.06 mol m-2 S-1, PAR (Qleaf) at leaf surface was maximum up 
to 918 μmol m-2.   
3.1.2.7  Na+ and K+ concentration was determined by dilute acid extraction                Dry leaves 
and stem of soybean plant were crushed in grinder. Then in digestion flask 0.5 g of sample was taken 
and added 7 ml HNO3+3 ml HClO4 and placed it on the hot plate for the duration of 4 hours and 
temperature was raised gradually. When 3 ml volume was left in flask than digestion process was 
stopped. The filtrate was filtered with Whatman No.40 and got volume 50 ml by adding distilled water.  
By using Flame Photometer Sodium and potassium were measured (Jones et al., 1990).   
 3.1.2.8   Plant harvest  
  After 60 days plants were harvested with shoot and a root length, shoot and root fresh weight was 
recorded. Then leaf, shoot and roots of plants were stored properly for the determination of K+ and 
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Na+. For shoot and root dry weights (g plant-1) determination plant samples were dried at 65±5 °C to 
constant weight in a forced air-driven oven for 48 hours.  3.1.2.9   Statistical analysis  
   All values written in this experiment were mean of minimum four replications.  
Data was interpreted by using statistical package, statistics 8.1®.  
3.2   STUDY 2 3.2   Physiological, biochemical and ionic response of selected 
soybean genotypes  to potassium  application  under  salinity stress 
(Hydroponic Study)  
 3.2.2.1   Experimental conditions  
 A solution culture study was conducted in wire house (rain protected) of Institiute of Soil and 
Environmental Sciences, University of Agriculture, Faisalabad-Pakistan. Four soybean genotypes 
potassium efficient and in-efficient (No. 13, No. 62, William-82, Ajmeri) were selected from first 
experiment and further assessed under different levels of NaCl stress (control, 60 and 120 mM NaCl) 
alone and in combination with K (60 mM NaCl + 6 mM K, 60 mM NaCl + 9 mM K, 120 mM NaCl + 
6 mM K and 120 mM NaCl + 9 mM K). The experiment design was Complete Randomized Design 
(CRD) in factorial arrangement with four replications. Selected soybean genotypes nursery was grown 
in polythene lined iron trays having 2 inch layer of sand. Plants were shifted at two leaf stage to 200 L 
tubs having  
Hoagland’s nutrient solution (Hoagland and Arnon, 1950) by covering root shoot junction with foam 
and inserting them in thermopore sheet holes in tubs floating on water. Aeration was continued during 
the course of the experiment by aeration pumps (24 hrs) and the solution was changed every week. 
Plants were exposed to treatments after one week of transplantation. Application of KNO3 also added 
some nitrogen in all treatments and in order to remove this impact, I did calculations and reduced the 
exact amount of extra nitrogen for each treatment from Hoagland’s nutrient solution which was added 
from KNO3 application and nitrogen was added in controled treatment as per composition of 
Hoagland’s nutrient solution. All the way through the experiment (60 days) the pH was maintained at 
6.5 ± 0.5 to ensure nutrients availability. Harvesting of plants was done after 60 days of salt stress.   
3.2.2.2  Measurement of Membrane Stability Index (MSI) and Relative Water Contents (RWC)  
 Membrane stability index and relative water contents were measured by method of Sairam et al. (2002) 
and Sairam et al. (2002).   
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 3.2.2.3   Determination of leaf water relations   
 Leaf water potential (Ψw) determined from fully expanded younger leaves by using Scho-lander type 
pressure chamber (ARIMAD-2, ELE-International) in the morning between 06:00 and 7:00 am. For 
osmotic potential (Ψs) determinations similar leaves were used and stored at -20°C. The frozen leaf 
sample was thawed and crushed with rod to extract cell sap. Then by using an osmometer (Wescor, 
5520) Ψs was measured from leaf sap. The difference between Ψw and Ψs calculated the leaf turgor 
potential (Ψp).   
(Ψp)= (Ψw- (Ψs)  
 3.2.2.4   Determination of gas exchange parameters  
 Gas exchange parameters were measured by LCA-4 ADC portable infrared gas analyzer as described in 
first experiment.   
 3.2.2.5   Measurement of Na+ and K+ concentration  
 Concentration of sodium and potassium were determined by the same procedure as discussed in first 
experiment (Page No. 35).  
  
 3.2.2.6   Determination of photosynthetic pigments    
 Photosynthetic pigments were measured by using fresh leaves of soybean plant. Leaves (0.2 g) were 
extracted with 80% acetone overnight at -4°C. For the duration of 5 minutes the extract was centrifuged 
at 10,000 rpm. Supernatant absorbance was noted down at 645 and 663 nm by using spectrophotometer 
(Hitachi-220, Japan). By using following formulas the chlorophyll a and b were measured (Arnon, 
1949).  
   Chl a (mg g-1 f.wt.) = [12.7(OD 663)-2.69(OD 645) ×V/1000×W]  
   Chl b (mg g-1 f.wt.) = [22.9(OD 645)-4.68(OD 663) ×V/1000×W]  
Where;  
   V = volume of the sample, W = weight of fresh tissue, f.wt. = fresh weight.  
 3.2.2.7   Measurement of leaf area  
 Leaf area was measured by same procedure as reported in first experiment (Page No. 34).  
 3.2.2.8   Determination of antioxidant enzymes  
 Antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), and peroxide (POD) were 
determined by collecting fresh leaf samples (0.5 g). Leaf samples were grounded by using a grinder in 
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5 ml of 50 mM cold phosphate buffer (pH 7.8) placed in an ice bath. The resulting homogenate was 
centrifuged at 15000 x g for 20 min at 4°C temperature. The supernatant was used for determination of 
antioxidant enzymes.  
3.2.2.8.1  Superoxide dismutase (SOD)  
 SOD activity was measured by assessing its capacity to prevent the photoreduction of nitroblue 
tetrazolium (NBT) using the protocol as defined by Giannopolitis and Ries (1977). The reaction mixture 
(3 ml) contained 50 µM NBT, 13 mM methionine, 1.3 µM riboflavin, 50 mM phosphate buffer (pH 
7.8), 75 nM EDTA and 20 to 50 µl of enzyme extract. The test tubes containing the reaction solution 
were irradiated under light (15 fluorescent lamps) at 78 µmol m-2 s-1 for 15 min. The absorbance of the 
irradiated solution was recorded on UV-VIS-spectrophotometer at 560 nm. One unit of SOD activity 
was defined as the amount of enzyme required for 50% inhibition of nitroblue tetrazolium (NBT) 
reduction. Activity of each enzyme was expressed on protein basis and protein contents of the extract 
were determined by the procedur of Bradford (1976) using bovine serum albumin as standard.   
3.2.2.8.2  Catalase (CAT) and Peroxidase (POD)  
  For measuring the activities of peroxidase (POD) and catalase (CAT), method of Chance and Maehly 
(1955) was used with some modifications. CAT reaction mixture (3 ml) contained 5.9 mM H2O2, 50 
mM phosphate buffer (pH 7.0) and 0.1 ml enzyme extract. The reaction was initiated by addition of the 
enzyme extract. The changes in absorbance of the reaction mixture were recorded after every 20 
seconds at 240 nm. One unit enzyme activity was defined as change in absorbance of 0.01 units per 
minute. The POD reaction mixture contained (3 ml) 20 mM guaiacol, 50 mM phosphate buffer (pH 
5.0), 40 mM H2O2, and 0.1 ml enzyme extract. The changes in absorbance of the reaction mixture were 
recorded every 20 s at 470 nm. One unit of POD activity was defined as an absorbance change of 0.01 
units per min. Activity of each enzyme was expressed on protein basis and protein contents of the 
extract was determined by the method of Bradford (1976) using bovine serum albumin as standard.  
 3.2.2.9   Plant harvest  
 Plants were harvested after 60 days of plantation and weights of both shoot and root was recorded. 
Plants were washed thoroughly then length of shoot and root was also measured. Plant samples were 
dried in a forced air-driven oven at 65±5ºC to constant weight and dry weight of both shoot and root (g 
plant-1) were measured.  
 3.2.10   Statistical analysis  
   All measurements existing in this experiment were means of four replications.  
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Data was interpreted by using statistical package, statistics 8.1®.  
3.3   STUDY 3 3.3  Evaluation of soybean oil quality by the application of 
potassium during salinity stress 3.1   Soil analysis  
3.3.3.1.1  Particle-size analysis  
 Particle size analysis was conducted using Hydrometer method (Bouyoucos, 1962). 40 grams of air 
dry soil was taken in a 400 ml beaker, 40 ml of 2% sodium hexametaphosphate [(NaPO3)6] solution 
was added, the mixture was transferred to dispersion cup and stirred for 10 minutes. The contents of 
dispersion cup were washed into 1000 ml graduated cylinder having 1L capacity within 36±2 cm 
height. The volume was made up to 1000 ml with distilled water and hydrometer was placed in cylinder. 
Hydrometer was removed and contents of cylinder were shaken manually by means of a metal plunger. 
When uniform suspension was obtained, plunger was taken out and after 4 minutes hydrometer reading 
(HR1) was recorded. Shaking procedure was repeated by removing hydrometer with minimum of 
disturbance and second hydrometer reading (HR2) was recorded after 2 hours. Since hydrometer is 
calibrated at temperature of 68oF (20oC), the HR1 and HR2 were corrected for temperature variation 
(for each degree above 20oC, added a factor of 0.3 to the reading and for each degree less than 20oC, 
subtracted a factor of 0.3 from the reading to get corrected hydrometer reading) and designed as CHR1 
and CHR2, respectively. Calculations  
involved are:     
  Silt + Clay (%)  =   [(CHR1) x100] / (weight of soil)   (1)  
  Clay (%)   =   [(CHR2) x100] / (weight of soil)    (2)  
  Silt (%)    =   (1) - (2)                                    (3)  
  Sand (%)   =  100- (1)                                        (4)   
   Soil textural class was determined using USDA textural triangle.  
 3.3.3.1.2  Soil saturated paste  
 To prepare soil saturated paste, soil was soaked with distilled water and allowed to stand over-night. 
Then saturated paste was prepared which glistened and fell freely when spatula was tarred. Water was 
not accumulated when depression was made.  
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 3.3.3.1.3  Saturation Percentage (SP)  
 SP was calculated by measuring the weight of saturation paste before and after oven drying at 105oC for 
constant weight using the following formula.   
  
           Loss in weight at oven (g)  
       SP = -------------------------------------- x 100          Dried soil weight (g)  
  
  
3.3.3.1.4  pH of saturated soil paste (pHs)  
 The pH of soil saturated paste was recorded with portable WTW pH 315i pH meter, after calibrating it 
with standard buffer solutions of pH 4.00, 7.00 and 9.00.  
3.3.3.1.5  Soil Saturation Extract (SSE)  
 SSE was obtained by applying positive pressure with the help of air pump. Sodium hexametaphosphate 
(2%) solution was added at the rate of one drop per 25 ml extract to prevent precipitation of salts during 
storage.  
3.3.3.1.6  Electrical Conductivity of Saturation Extract (ECe)  
 The electrical conductivity was noted with the help of WTW cond 315i conductivity meter. The 
conductivity meter was calibrated with 0.01 N KCl solutions. Cell constant (k) was calculated by the 
formula:  
  
                            1.4118 dS m-1            
  k =   -------------------------------                     
  EC of 0.01 N KCl (dS m-1)  
  
3.3.3.1.7  Sodium Adsorption Ratio (SAR)  
   The SAR was calculated by the following formula:  
              SAR (mmolL-1)1/2 = Na+ / [(Ca2+ + Mg2+) / 2]1/2   
   Concentration of all ions was expressed in mmolc L-1 (Method 20b of U.S.  
Salinity Lab. Staff, 1954).  
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3.3.3.1.8  Organic matter   
 Soil organic matter (OM) was determined following the method described by Walkly-Black (Jackson, 
1962). For this purpose, one gram of soil was swirled in 10 ml of 1.0 N K2Cr2O7 solution, and 20 ml of 
concentrated H2SO4, was added. It was mixed and allowed to stand for 30 minutes. Then diluted to 
about 200 ml with distilled water and titrated against FeSO4.7H2O to dull green end point in the 
presence of 0.5 g NaF and 30 drops of diphenylamine as indicator.   
    
  
  
   Organic matter was calculated by the following formula:   
    
  OM (%) = [(Vblank - Vsample) x M x 0.69] / [Wt. of soil (g)],  where   
   V blank   = Volume (ml) of FeSO4.7H2O used in blank   
   V sample  = Volume (ml) of FeSO4.7H2O used to titrate the sample   
   M    = Molarity of FeSO4.7H2O solution   
   0.69   = 0.003 x 100 x (100/74) x (100/58), where   
   0.003   = me wt. of carbon   
   100   = to convert OM in %   
   100/58   = Factor to convert carbon to OM   
   100/72   = Recovery factor for carbon  
3.3.3.1.9  Carbonate and bicarbonate (CO32- + HCO3-)  
 Saturation extract was titrated against 0.01 N H2SO4 using phenolphthalein indicators to colorless end 
point for CO32-. To the same sample, methyl orange indicator was added and titrated against 0.01 N 
H2SO4 to pinkish yellow end point for HCO3-.  
  
          2a × normality of H2SO4                                                   
 CO32- (mmolc L-1) =               × 1000  
              ml of sample taken  
  
59  
  
Where a is ml of H2SO4 used during titration for CO32-  
              (b – 2a) × Normality of H2SO4  
 HCO3- (mmolc L-1) =                  × 1000    
        Volume of sample taken (ml)   
  
Where b = ml of H2SO4 used for HCO3- determination.  
  
  
3.3.3.1.10 Calcium + Magnesium (Ca2+ + Mg2+)  
 Saturation extract was titrated against 0.01 N EDTA (Versinate solution) in the presence of NH4Cl + 
NH4OH buffer solution using eriochrome black T indicator to a bluish green end point.  
  
                                                ml of EDTA used × Normality of EDTA  
 Ca2+ + Mg2+ (mmolc L-1)   =              × 1000  
                          ml of sample taken  
  
3.3.3.1.11  Sodium (Na+)   
 A series of NaCl standard solutions (2, 4, 6, 8, 10, 12, 14 and 16 ppm Na+) was used to standardize the 
Sherwood-410 Flame Photometer. Sample readings were recorded and concentrations (ppm) were 
calculated from regression equation obtained by plotting concentration of standards against their 
readings from flame photometer. The actual concentration of soluble Na+ in mmolc L-1 was calculated 
from the formula below:  
  
 ppm concentration × dilution factor Na+ (mmolc L-1)  =  
 
                 eq. wt. of Na+  
  
 3.3.3.2  Water analysis  
 Samples of irrigation water were collected in clean plastic bottles. The EC, pH and SAR of water were 
determined in the same way as for soil saturation extract.  
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3.3.3.2.1  Residual sodium carbonate (RSC)  
 It was calculated by the equation:  
     RSC (mmolc L-1) = (CO32- + HCO3-) – (Ca2+ + Mg2+)    
     Where all ions were expressed in mmolc L-1  
3.3.3.3  Experimental conditions  
 A pot experiment was conducted in the wire house of Institute of Soil and Environmental Sciences (ISES), 
Saline Agriculture Research Centre (SARC), University of Agriculture, Faisalabad. Four soybean 
genotypes (Glycine max L.) including; No. 62, and No. 13 identified as salt-tolerant while William and 
Ajmeri were recognized as salt-sensitive in previous experiments. In blank earthen pots filled with 
pulverized 12 kg soil (EC=1.5 dS m-1, pH=8.23, SAR=6.74 (mmol L-1)1/2) soil texture=sandy clay loam) 
after mixing with required fertilizer and potassium dose the soybean seeds were sown at the depth of 2 cm 
and their response was determined under different levels of NaCl (control, 6 and 12 dS m-1) alone and in 
combination with K2SO4 because it is a cheapest source of potassium in filed conditions for farmers. T1: 
Control, T2: EC 6 dS m-1, T3: EC 12 dS m-1, T4: EC 6 dS m-1 + 50 kg ha-1 K, T5: EC 6 dS m-1 + 75 kg ha-
1 K, T6: EC 12 dS m-1 + 50 kg ha-1 K, T7: EC 12 dS m-1 + 75 kg ha-1 K. The experimental design was CRD 
using factorial arrangement with four replications. Full dose of nitrogen, phosphorus and potassium were 
added at plantation time. The total period of the experiment was 120 days (4 months). The tap water was 
used for irrigation (EC= 0.88 dS m-1, RSC= 0.75, SAR= 2.5) the pots when ever necessary.  
3.3.3.4 Determination of Relative Water Contents (RWC), Membrane Stability Index (MSI), Gas 
Exchange Parameters, and Na+ and K+ concentration  
  
 Relative water contents, membrane stability index, gas exchange parametters and ionic contents were all 
determined by using methods described in previous studies (Page #  
36).             
 3.3.3.5  Determination of chlorophyll content  
 Total chlorophyll contents of soybean leaves were measured by using SPAD chlorophyll meter (Minolta, 
Japan).  
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 3.3.3.6  Leaf area and antioxidant enzymes measurement  
 Leaf area and antioxidant enzymes of soybean leaves were measured by using standard procedure (Page 
No. 37).    
3.3.3.7   Measurement of oil and protein contents by near infrared reflectance analysis  
  
 The near infrared reflectance analysis was used as multipurpose, computerelzed, single beam, 
reflectance spectrophotometer. The near infrared analyzer was equipped with grating  monochromator  
(Neotech  6100),  that was  connected  with  a  computer  (Digital,   
PDP-1103)  and for analysis of data recorded  the  reflected  light  spectral data. ln the  wavelength range 
1100  to  2500  nm  Reflectance  (R)  spectra were measured  at  2 nm intervals from  the NIR  illuminated  
dry, ground samples and documented as the  2nd  derivative  of  the  original  log  (l/R)  curve. A  stepwise 
multiple-linear  regression model  selected the  wavelengths from  the spectra that  best correlated with  the 
chemically  determined values or  the  development  of  prediction  equations.  Different prediction 
equations were created depending upon the wavelengths (dependent variables) selected from the 
reflectance spectra of the foods (Hymowitz et al., 1974).   
 3.3.3.8   Dtermination of fatty acids  
 For soybean fatty acids determination in the holes of aluminum crushing trays seeds were filled then 
gently crushed with hydraulic press. In each hole 400 ul n-hexane was added in crushed seeds. To 
prevent the evaporation of hexane, holes were covered for two hours. With GC vials plastic trays were 
loaded. To GC vials 100 ul was transferred from each respectively holes. 500 ul of 1 N sodium 
methoxide solution was added to each GC vial. In plastic trays vials were shaked back and forth until 
the oildroplets disappeared. After 30 min 150 ul distilled water was added to each vial then 1250 ul 
hexane was added to each vial. For fatty acids analysis samples were run on GC (Matthäus and Bruhl, 
2001).  
 3.3.3.9   Plant Harvest  
 After 120 days (4 months) plants were harvested and shoot and root length and weight were recorded. 
In a forced air-driven oven plant samples were dried at 65±5ºC to constant weight and dry weight of 
both shoot and root (g plant-1) were measured.  
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 3.3.3.10  Statistical Analysis  
 All data presented in this experiment were means of four replications. Results were interpreted by using a 
statistical package, statistics 8.1®.  
4.4   SYUDY 4 4.4   Evaluation of ROS, antioxidants and sugar contents in 
soybean by the application of potassium   
 3.4.1   Experimental conditions  
 A pot experiment was conducted in the rain protected green house of Michigan State University, USA. 
Seeds of two soybean varieties (Glycine max L.) including; Pioneer and Jack were sown in pots with 
four replications. These genotypes had similar characteristics as were used in Pakistan. The desired 
levels of salinity (Control and 90 mM) and potassium levels (Control, 9 mM) with potassium sulphate 
were developed in soil. The design of the experiment was CRD with factorial arrangement.   
 3.4.2   Determination of electrolyte leakage   
 Electrical Conductivity (S/m) of soybean leaves were measured by cutting leaf disc from soybean 
leaves and equal quantity of distilled water was added. After 30, 60, 90 and 120 min EC of that water 
was measured and placed samples at freezing temperature (-10 ºC). After thawing again EC measured 
next day. By using this formula the final reading was recorded EC1/EC2*100 (Whitlow et al., 1992).  
 3.4.3   Determination of gas exchange parameters by licor   
 Photosynthetic Rate (mmol H2O m-2s-1), Condtance to H2O (mol H2O m-2s-1), Interacellular CO2 
concentration (Ci) (µmol CO2mol air-1), Transpiration Rate (Trmmol) (mmol H2O m-2s-1) were 
measured by (6400-40 LCF, Li-Cor, USA) (Valentini et al., 2000).   
3.4.4  Measurement of fluorescence, Non-photochemical quenching, linear electron flow and 
chlorophyll contents by photosynq  
  
   Flourescence (Phi2), Non-photochemical quenching (NPCQ), linear electron folw  
(LEF) and chlorophyll contents (SPAD) of soybean leaves were determined by photosynq (Friedrichs et 
al., 2014).  
 3.4.5   Determination of Reactive Oxygen Species (ROS)  
 In soybean leaves the lipid peroxidation TBAR (nanomoles TBARs/g fresh weight) was measured by 
measuring the malodialdehyde concentration by following the procedure of heath and packer. Soybean 
leaf (one g) was macerated in 5 ml of 0.1% trichloroacetic acid. The resulting homogenate was 
63  
  
centrifuged for 5 min at 10000*g. 4 ml of 20% TCA containing 0.5% thiobarbituric acid for every one 
ml of aliquot of supernatant was added. The mixture was excited for 30 min at 95°C and then on ice 
bath cooled rapidly. The resulting mixture was centrifuged at 10000*g for 15 min and the absorbance 
of the supernatant was measured at 532 nm. Readings were adjusted for unspecific turbidity by 
subtracting the absorbance at 600 nm. The malondialdehyde content was calculated by using extinction 
coefficient of 155 mM-1 cm-1 (Rao and Sresty, 2000).   
  
  
 3.4.6   Antioxidant enzyme assay  
 For determination of antioxidant enzymes, the second fully expanded leaves of soybean plant were 
collected after 20 days of stress. The leaf sample (0.5 g) was homogenized under ice-cold conditions 
in a prechilled mortar in 5.0 ml 50mM cold sodiumphosphate buffer having pH 7.8. After centrifugation 
at 13,000 × g for 30 min, the supernatants were stored at 4◦C and used for determining different 
antioxidant enzymes. Superoxide dismutase (SOD) activity was measured by following the nitroblue 
tetrazolium (NBT) procedure by assessing the photoreduction of NBT at 560nm (Beauchamp and 
Fridovich, 1971). The reaction mixture (3 ml) contained 50mM sodium phosphate buffer (pH  
7.8), 13mM methionine, 75 μM NBT, 10 μM EDTA, 2 mM riboflavin and enzyme extract (100μl). 
Reaction was started by placing tubes below two 15 W fluorescent lamps for 10 min, then was stopped 
by switching off the light. Non-illuminated and illuminated reactions without supernatant served as 
calibration standards. The absorbance was measured at 560 nm. One unit of SOD was defined as the 
quantity of enzyme that produced 50% inhibition of NBT reduction under the experimental conditions. 
Guaiacol peroxidase (POD) activity was measured according to method of (Putter and Becker, 1974) 
with some modification. The reaction mixture (3 ml) consisted of 100μl enzyme extract, 100 μl 
guaiacol, 100 μl H2O2 (300 mM) and 2.7 ml 25 mM potassium phosphate buffer with 2 mM EDTA 
(pH 7.0). Increase in the absorbance due to oxidation of guaiacol was measured spectrophotometrically 
at 470 nm  
(ε =26.6 mM cm-1).  
   Catalase (CAT) activity was measured according to this method (Aebi, 1984) .  
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The assay mixture (3.0 ml) consisted of 100 μl enzyme extract, 100 μl H2O2 (300 mM) and 2.8 ml 50 
mM phosphate buffer with 2 mM EDTA (pH 7.0). The CAT activity was assayed by monitoring the 
decrease in the absorbance at 240 nm as a consequence of H2O2 disappearance (ε = 39.4 mM cm-1).  
 3.4.7   Determination of sugars  
  Soluble sugars (sucrose, glucose, fructose, raffinose and staachyose) (mg g-1 DW Leaf Tissue) were 
extracted from 0.5 g FW of soybean leaves by homogenisation in 2 ml of 80% (v/v) ethanol with a mortar 
and pestle. After heating the homogenate in a water bath at  
75°C for 10 min, the insoluble fraction was removed by centrifugation at 5000*g for 10 min.  
The precipitate was homogenised twice with 2 ml of 80% (v/v) ethanol and centrifuged again. 
Supernatants were pooled and dried under a stream of hot air, and then the residue was resuspended in 
1 ml of distilled water and desalted by filtration through an ion-exchange column (Amberlite MB3, 
BDH, England). Sucrose, glucose, fructose, raffinose and staachyose were determined by the protocol 
of (Kuo et al., 1988). Soluble sugar contents were expressed as mg (sucrose, glucose, and fructose) g-1 
DW.  
 3.4.8   Determination of GS activities  
 Soybean leaf GS activity was measured using the ‘transferase’ assay (Lea and Blackwell, 1993). 
Approximately 0.5 g of root was ground (as above) in a mortar and pestle, then homogenized in 5 ml 
GS extraction buffer containing 50 mm Tris-HCl, 1 mm EDTA (VWR, Mississauga, Ontario, Canada), 
2 mm dithiothreitol (Sigma), 10 mm MgSO4 (Sigma), 5 mm glutamate (Sigma), 10% v/v ethanediol 
[Ethylene glycol (synonym)] (Sigma) and 0.1% insoluble polyvinylpyrrolidone (PVP) (Sigma); buffer 
pH was set to 7.8 using 1 M NaOH. The homogenated extract was centrifuged at 17 000 g for 45 min 
at 4°C. GS activity was measured in a buffer consisting of 100 mm Tris-HCl at pH 7.8, 5 mm NH2OH 
(Sigma), 50 mm MgSO4 (Sigma), 50 mm glutamate (Sigma) and 20 mm ATP (Sigma). 0.375 ml of 
assay buffer was pre-incubated at 30°C, followed by addition of 0.3 ml supernatant. The reaction was 
allowed to proceed for 30 min, and terminated by the addition of 1 ml FeCl3 reagent (Sigma) [2.5% 
w/v FeCl3, 5% w/v trichloroacetic acid (Sigma) in 1.5 MHCl]. Controls were performed under identical 
conditions, except thatATP was absent.The resulting precipitate was centrifuged at 10000 g for 5 min, 
and the absorbance of the supernatant was measured at 540 nm, and compared with a standard curve 
of glutamyl hydroxymate (Sigma). 3.4.9  Statistical Analysis  
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 All data presented in this experiment were means of four replications. Results were interpreted by using a 
statistical package, statistics 8.1®.  
5.5   STUDY 5 3.5   Development of salt tolerant and SDS resistant transgenic 
soybean lines  
 3.5.1   Selection system   
 This protocol exploits the morphogenic potential of embryonic axes derived from mature seeds of 
soybean. The physical process of introducing foreign genes using microparticle bombardment has a 
wide application to almost any living cell. However, the application of this protocol is limited to the 
use of a selective molecule capable of translocating and concentrating in the apical meristematic region 
of the embryonic axes and the availability of similar regeneration procedures as described.  
 3.5.1.2   Plant material  
 Mature seeds from the following commercial cultivars were used in the protocol: soybean seeds from 
the cultivars Jack, Pioneer, Organic-155, Lilly, DF-191F were supplied by Sticklen’s Lab at Michigan 
State University (MSU), USA.  
 3.5.1.3   Sterilization of seeds  
 Healthy seeds of five different soybean varieties were taken (Pioneer, Jack, Organic 155, DF-191-F, 
Lilly) and dipped into 70% ethanol for 1 min. Then washed 3 times with distilled water followed by 
adding 20-25% bleach for 20 minutes and shake well. After this washed with autoclaved water for 5 
minutes in fume hood.   
 3.5.1.4   Plant culture media  
 Soybean Bombardment medium: MS basal salts medium, 3% sucrose and 0.8% Phytagel, pH 5.7; 
induction medium: MS basal salts, supplemented with 22.2 mM BAP, 3% sucrose, 0.6% agar, pH 5.7; 
culture/ selection medium: MS basal salts medium, 3% sucrose, 500 nM imazapyr and 0.6% agar, pH 
5.7.  
 Spermidine 0.1 M Dissolve the entire contents of a bottle (1 g) in 68.8 ml of distilled water. Sterilize 
by filtration (in 0.22-mm filter). Distribute aliquots in 200-ml microcentrifuge tubes and store at -20 
°C up to 12 months.  
 CRITICAL Spermidine oxidizes easily in the presence of oxygen. The 200-ml microcentrifuge tubes 
should be filled. After defrosting, spermidine could be used two times at the most and discarded.  
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 3.5.2   Plasmid isolation  
 3.5.2.1   Preparation of E. coli  
 Used a single, well isolated colony from a fresh Luria-Bertani (LB) agar plate (containing antibiotic) to 
inoculate. 10 ml of LB medium (containing the same antibiotic).  
Incubated overnight (12–16 hours) at 37°C in a shaking incubator.   
 3.5.2.2   Production of a cleared lysate  
  Harvested 5 ml of bacterial culture by centrifugation for 5 minutes at 10,000 x g in a tabletop 
centrifuge. Poured off the supernatant and blotted the inverted tube on a paper towel to remove excess 
media. Add 250μl of Cell Resuspension Solution and completely resuspend the cell pellet by vortexing 
or pipetting. Add 250 μl of Cell Lysis Solution and mix by inverting the tube 4 times. Incubated until 
the cell suspension clears (approximately 1-5 minutes). Add 10 μl of Alkaline Protease Solution and 
mix by inverting the tube 4 times. Incubate for 5 minutes at room temperature. Alkaline protease 
inactivates endonucleases and other proteins released during the lysis of the bacterial cells that can 
adversely affect the quality of the isolated DNA. Add 350 μl of Neutralization Solution and 
immediately mix by inverting the tube 4 times. Centrifuge the bacterial lysate at maximum speed 
(around 14,000 × g) in a microcentrifuge for 10 minutes at room temperature.  
 3.5.2.3   Plasmid DNA isolation and urification protocols  
 The Wizard® Plus SV Minipreps DNA Purifi cation System allows a choice of methods for 
purification of plasmid DNA when systems with Vacuum Adapters are purchased (Cat.# A1340, 
A1470). Plasmid DNA may be purifi ed from the bacterial lysate using microcentrifugation to force 
the cleared lysate through the Wizard® SV Minicolumn and wash the plasmid DNA. Alternatively, a 
vacuum can be used to pull the lysate through the Spin Column and wash the plasmid DNA. Vacuum 
Adapters allow the use of a vacuum manifold (e.g., a Vac-Man® Laboratory Vacuum Manifold) and 
vacuum source for DNA purifi cation.  
 3.5.2.4   Centrifugation protocol  
   Prepared plasmid DNA purifi cation units by inserting one Spin Column into one  
2 ml Collection Tube for each sample. Transferred the cleared lysate to the prepared Spin Column by 
decanting. Centrifuge the supernatant at maximum speed in a microcentrifuge for 1 minute at room 
temperature. Removed the Spin Column from the tube and discard the flow through from the Collection 
Tube. Reinserted the Spin Column into the Collection Tube.  
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Add 750μl of Column Wash Solution, previously diluted with 95% ethanol, to the Spin Column. Centrifuge 
at maximum speed in a microcentrifuge for 1 minute at room temperature. Removed the Spin Column from 
the tube and discard the flow through. Reinserted the Spin Column into the Collection Tube. Repeated the 
wash procedure using 250μl of Column Wash Solution. Centrifuge at maximum speed in a microcentrifuge 
for 2 minutes at room temperature. Transferred the Spin Column to a new, sterile 1.5 ml microcentrifuge 
tube. Transferred the Spin Column to a new, sterile 1.5 ml microcentrifuge tube. Elute the plasmid DNA 
by adding 100 μl of Nuclease-Free Water to the Spin Column. Centrifuge at maximum speed for 1 minute 
at room temperature in a microcentrifuge. After eluting the DNA, removed the assembly from the 1.5 ml 
microcentrifuge tube and discard the Spin Column. DNA is stable in water without addition of a buffer if 
stored at -20°C or below. DNA is stable at 4°C in TE buffer. To store the DNA in TE buffer, add 11 μl of 
10X TE buffer to the 100 μl of eluted DNA. Cap the micro centrifuge tube and store the purified plasmid 
DNA at –20°C or below.  
 3.5.2.5   Procedure of coating and bombardment  
   These are following steps included in coating and bombardment procedure.  
 3.5.2.6   Microparticle preparation   
 Weigh 60 mg tungsten microparticles, transferred into a 1.5 ml microcentrifuge tube and add 1.0 ml 
of 70% ethanol. Mixed vigorously in a vortexer for 15 min. Centrifuge at 3,000g for 5 min. Discard the 
supernatant with the aid of a 1,000 ml micropipette.  Add 1 ml sterile distilled water, mix vigorously 
in a vortexer for 15 min and centrifuge. Discard the supernatant and repeat this step two more times. 
After the last washing, discard the supernatant and resuspend the microparticles in 1 ml 50% autoclaved 
glycerol (vol/vol).  
 3.5.2.7   Preparation of microparticle-coated DNA   
 Sonicate the microparticles for 5 min before removing aliquots, to assure a complete disaggregation 
of the microparticles and adequate suspension homogeneity. Mix the microparticle suspension 
vigorously in a vortexer for 30 s and pipette an aliquot of 50 ml into a microcentrifuge tube. Add 8 ml 
of the plasmid vector (1 mg ml-1). Homogenize quickly (in a vortexer for 2 s). Add 50 ml of 2.5 M 
CaCl2 immediately and homogenize it quickly. Add 20 ml of 0.1 M spermidine and homogenize it 
quickly.  Incubate the tubes at room temperature under slow stirring in a vortexer for 10 min. Centrifuge 
for 10 s at 3,000 g and discard the supernatant with the aid of a 100 ml micropipette pipette, without 
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disturbing the pellet. Add 150 ml absolute ethanol. Homogenize quickly. Centrifuge at 3,000g for 10 s 
and discard the supernatant with the aid of a 100-ml micropipette pipette, without disturbing the pellet. 
Repeat. Add 24 ml absolute ethanol. Homogenize vigorously. Sonicate for 2-3 s. Distribute aliquots of 
3.2 ml on the central region of each carrier membrane previously positioned on the membrane support. 
Transfer carrier membrane disks containing the DNAcoated microparticles to Petri dishes containing 
silica gel immediately and place inside a desiccator. Wait for at least 5 min for total drying of the 
ethanol.  
 3.5.2.8   Preparation of soybean apical meristems for bombardment   
 Using a 250-ml wide-mouth bottle, surface decontaminates the seeds using the following options for 
soybean. Place B300 seeds in 300 ml of 70% ethanol for 1 min and then in 300 ml 1% sodium 
hypochlorite for 20-30 min. Wash the seeds five times in sterile water.| Incubate the decontaminated 
seeds for 16-18 h in sterile water at room temperature. Place at least an 8 cm layer of water on top of 
the seeds. Embryonic axes are excised and apical meristems are exposed. Excision of embryonic axes 
and exposure of apical meristems from soybean. Pick up approximately six to eight decontaminated 
seeds under sterile water with the help of forceps and transfer them to a sterile Petri dish (150 -15 mm) 
containing sterile Whatman paper.Using microforceps, individually hold each seed and open the 
cotyledons and excise the embryonic axes utilizing a dissecting knife handle with a sterile stainless-
steel blade. Under a stereomicroscope, cut the primary leaves to expose the apical meristematic region 
that will be bombarded with the microparticle-coated DNA and immediately transfer it to a sterile Petri 
dish containing sterile water.   
 3.5.2.9   Microparticle-coated DNA bombardment of apical meristems   
 Dry the exposed meristems partially from the embryonic axes on the surface of a sterile Whatman 
paper. Position the embryonic axes (10-15 axes per dish), on the 5 cm diameter culture dishes 
containing 12 ml of the appropriate bombardment medium. The embryonic axes are disposed in a circle, 
equidistant between 6 and 12 mm from the center of the dish and with the apical meristem region 
directed upward.   
 3.5.3   Culture and selection of transgenic plants   
 Culture embryonic axes using the following options for soybean. Culture of soybean embryonic axes. 
Immediately after bombardment, transfer soybean embryonic axes into 10 cm diameter dishes and induce 
multiple shooting by the complete immersion in 15 ml of the induction medium for 16 h in the dark at 
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26°C. After this period, transfer the explants into baby food jars containing 20 ml of the 
selection/elongation medium and culture at 28°C with 16-h photoperiod 50 mmol m-2 s-1.  
 3.5.3.1   Further growth and analysis of plants   
 Transferred the rooted plantlets individually to a plastic pot containing autoclaved fertilized 
soil:vermiculite (1:1). Cover with a plastic bag and seal with a rubber band. Maintained in a greenhouse 
at 25°C with 14-h photoperiod, relative humidity 480% and light intensity 350 mmol m-2 s-1. After 1 
week, removed the rubber band and after an additional week remove the plastic bag also. As soon as 
the acclimatized plantlets reach B10 cm in length transfer them to a pot containing fertilized soil and 
allow them to set seeds. To detect the presence of foreign genes, plants are screened by PCR, Southern 
blot 3,31-33,36,40 and/or western blot 40,41 techniques, among other methods (Schmittgen and Livak, 
2008).   
 3.5.4   Gene constructions  
 The Rgh1 gene constructs was developed using the GenBank# AF506517.2; Website: 
http://www.ebi.ac.uk/ena/data/view/AAM44274. The construct containg this Rgh1 gene and the bar 
herbicide resistance gene regulated by the strong 35S promoter and Nos terminator (Figure  below).   
  
Fig. 3.1.1 The plant expression vector containing the Rgh1 and the Liberty herbicide 
resistance gene (bar), each regulated by strong regulatory sequences.  
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Fig. 3.1.2 The plant expression vector containing the HVA1 and the Liberty herbicide resistance 
gene (bar).  
  
  
  
Fig. 3.1.3 The plant expression vector containing the Rgh1 resistance gene.   
Plant Expression Vector (Construction)  
  
The first vector containing the sorghum drought tolerance transcription factor, DREB2(29), and the 
second vector contains the barley drought tolerance gene. Transgene constructs containing the rice 
DREB2(29) drought tolerance and the barley HVA1 drought tolerance transgenes. Each gene is 
regulated by a strong promoter. The cassette containing the rice  
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DREB2(29) also contains the selectable marker bar gene needed to select transgenic cells, tissues and 
plants.  
Fig.3.1.4 Transgene constructs containing the rice DREB2(29) drought tolerance and the 
barley HVA1 drought tolerance transgenes. Each gene is regulated by a strong promoter. 
The cassette containing the rice DREB2(29) also contains the selectable marker bar gene 
needed to select transgenic cells, tissues and plants  
 3.5.5   Acclimatization procedure  
 Healthy-rooted explants were transferred from rooting medium to greenhouse potting mixture (1 beat 
moss: 1 soil: 1 sand, v: v: v).The pots were covered with plastic bags for the first few days after 
transplantation to prevent seedling desiccation. Greenhouse day/night temperatures were 25 l 2°C 
under a 16-h photoperiod.  
 3.5.6   Evaluation of putative transgenic plants  
 3.5.7   Leaf painting with the herbicide   
 Herbicide resistance of putative transgenics and progeny was tested by a leaf painting assay, i.e., 
painting intermediate parts of the plant leaves from both sides with 1 g/L basta (stock contains 20% 
ammonium glufosinate); one half the recommended dose.  
 3.5.8   Molecular analysis  
 3.5.9   Molecular analysis at the structural level  
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 3.5.10   Genomic DNA extraction  
  CTAB method was used for DNA isolation from putative transgenics and progeny as well as non-
transgenic control plants.  
 3.5.10.1   Reagents  
 3.5.10.2   Extraction buffer (500 ml)  
     Tris-HCl, 1M pH7.5 50 ml  
     NaCl, 5M 70 ml  
     EDTA, 0.5M 40 ml  
     ddH2O (sterilized) 340 ml  
 One percent of CTAB was added to volume of extraction buffer was added at time of extraction and 
mixture was heated briefly in microwave. Then, add 0.4% βmercaptoethanol to extraction buffer 
+CTAB  
 3.5.10.3   Chloroform/isoamyl alcohol (24:1) 20 ml  
     Chloroform 19.2 ml  
     Isoamyl alcohol 0.8 ml  
 3.5.10.4   Ice cold 95% ethanol  
 3.5.10.5   Sodium acetate 0.2 M + ethanol 75% (500 ml)  
    Sodium acetate 1M 100.00 ml    
 Ethanol 95% 394.74 ml     ddH2O 5.26 ml  
 3.5.10.6   Ammonium acetate 0.01 M + ethanol 75% (500 ml)  
    Ammonium acetate 1M 5.00 ml    
 Ethanol 95% 394.74 ml     ddH2O 100.26 
ml  
 3.5.10.7   TE buffer (250 ml)  
    Tris-HCl 1M, pH 8.0 2.5 ml    
 EDTA, pH 8.0 0.5 ml     ddH2O 
(sterilized) 250 ml     RNase A 100 g/ml  
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 3.5.10.8   Procedure  
1. Leaf material (about 1 cm2) was placed in a small mortar. One ml of extraction buffer (with 
1% CTAB and 0.4% β-mercaptoethanol) was added and grind with pestle to form slurry 
mixture. (20-100 mM sodium bisulfate and/or insoluble PVP can be added just before use 
if material was high in phenolics).  
2. The slurry mixtures were poured into a microcentrifuge tube, 100 µl choloroform/isoamyl 
(24:1) was addedand heat tube for 20-30 minutes at 65°C.  
3. Tube and contents were cooled down to room temperature and choloroform/isoamyl (24:1) 
was added to almost fill the tube. Vortex was shacked vigorously to form an emulsion in 
the tube.  
4. Centrifuge at 14K rpm for 5 minutes was applied to separate phases and the aquous (upper) 
phase was transferred to a clean microfuge tube.  
5. DNA was precipitated by adding 0.8 – 1.0 ml of ice cold 95% ethanol. The ethanol was 
layer on the top of the aqueous phase and allow sitting for 10 – 20 minutes in order to obtain 
a small amount of DNA precipitate at the interphase before gently mixing the two phases.  
6. At this point, either the DNA was spooled on a glass hook or briefly microfuge tube (hold 
button for ~ 10 secs.) was spined to form a loose pellet and carefully pour off the ethanol.  
7. 1.0 ml of 0.2 M sodium acetate was added in 75% ethanol, allow to sit for 10 minutes and 
carefully the liquid was pour off.  
8. DNA was briefly washed in 0.5 ml 0.01 M ammonium acetate in 75% ethanol. The DNA 
was left to dry at the bottom of the tube for about 1 hour and then 0.1 – 0.4 ml TE, pH 8.0 
was added and the tube was placed with cap open into the 65°C incubator for 5 minutes.  
9. One µl RNase A was added to DNA and incubating at 4°C for 1-8 hours was allowed.  
10. A 5 µl aliquot of DNA was used to check quality by electrophoresis on a 1% agaros gel.  
 3.5.11   Polymerase Chain Reaction (PCR) analysis  
 PCR reaction was conducted to ensure the presence of the genes of interest in the genomic DNA 
extraction of the putative transgenics. The reaction was done using oligonucleotide primers specific for 
the bar gene (expected size of 400 bp). The specific primers were synthesized at RTSF-MSU for the 
ber gene with the following sequences:  
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    bar1 (forward) 5 ׳TACATCGAGACAAGCACGGTCAACT 3 ׳     bar2 
(reverse) 5 ׳ACGTCATGCCAGTTCCCGTG 3׳  
 The reaction conditions were optimized and mixtures (50 l total volume) consisted of the following were 
added:  
    dNTPs (2.5 mM) 4.0 l     MgCl2 
(25 mM) 3.0 l  
     Buffer 10x 5.0 l  
     Forward primer (10 pmol/ l) 5.0 l  
     Reverse primer (10 pmol/ l) 5.0 l  
    Template DNA (50 ng/ l) 1.0 l    
 Taq (5 U/ l) 0.3 l     ddH2O up to 50 l  
 Amplification was carried out in a Hybaid PCR Express programmed for 40 cycles as follows: 94°C/4 
min (1 cycle); 94°C/1 min, 58°C/1 min, 72°C/2 min (38 cycles); 72°C/8 min (1 cycle); 4°C (infinitive). 
Agarose (1.2%) was used for resolving the PCR products. Two different DNA Ladders were used as a 
standard DNA, 100 bp DNA Ladder (New England BioLabs® Cat. No. N3231L), and 1 kb DNA Ladder 
(New England BioLabs® Cat. No. N3232L). The run was performed at 80 V in Bio-Rad submarine (8 
cm X 12 cm). Bands were detected on UV-transilluminator and photographed by a Geldoc.  
  
  
CHAPTER 4 RESULTS AND DISCUSSION  
  
STUDY 1  4.1  Screening of soybean genotypes against salt stress (Hydroponic 
Study)  
 Study 1 was conducted to evaluate the salt tolerant germplasm by the application of NaCl stress and 
potassium dose in solution culture media.  All the genotypes showed different response in all 
treatments.  By analysing morphological, physiological and ionic parameters potassium efficient and 
in-efficient as well as salt tolerant and sensitive genotypes were identified from available germplasm 
for further studies.   
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 4.1.2   Results  
 4.1.2.1   Plant growth   
 All the soybean varieties grown under hydroponic culture showed different responses toward sodium 
chloride and potassium treatments. Both shoot and root fresh and dry weights were reduced under NaCl-
induced salinity, and these reductions were maximum where there was combination of 120 mM NaCl 
and 9 mM K among all the varieties may be due to osmotic stress (Table 4.1.1). All the genotypes 
responded differently towards all treatments because of their varying genetic abilities towards salt 
tolerance. The treatment with combination of maximum salinity level with NaCl and maximum dose 
of K showed  behaviuor in growth parameters with respect to percent of control; Shoot fresh and dry 
weight (62% and 63%), root fresh and dry weight (67% and 67%) and root dry weight (67%) was 
recorded in No. 62 followed by No. 13 viz. shoot fresh and dry weight (60% and 60%), root fresh and 
dry weight (63% and 64%) proved as salt tolerant genotypes. Treatment effect with respect to percent 
to control in salt sensitive genotype Ajmeri showed maximum reduction, which was shoot fresh weight 
(30%), shoot dry weight (22%), root fresh weigh (23%) and root dry weight (23%) of control 
respectively for the above parameters followed by William-82 shoot fresh weight (36%), shoot dry 
weight (31%), root fresh weigh (29%) and root dry weight (29%) as percent of control. Application of 
potassium improved salt tolerance ability of all soybean genotypes and positive improvement in above 
mentioned growth parameters was observed, which was more at higher level of potassium application 
especially with maximum dose of potassium at 60 mM salt stress by NaCl. Salt tolerant genotypes (No. 
62 and No. 13) gave better results in response to potassium application as compared to salt sensitive 
genotypes (Ajmeri and William-82) at all levels of K applications under solution culture.   
  
Table 4.1.1: Effect of salt treatment and K application on shoot and root fresh and dry weights (g 
plant-1) of soybean  
Soybean 
Genotypes  
Treatments  
Shoot Fresh 
Weight (g)  
Shoot Dry 
Weight (g)  
Root Fresh 
Weight (g)  
Root Dry 
Weight (g)  
NARC-2  
Control  24.98±0.50  4.26±0.44  5.68±0.68  1.14±0.14  
60 mM NaCl  16.62±0.34 (67)  2.84±0.16 (67)  3.82±0.46 (67)  0.64±0.08 (56)  
120 mM NaCl  10.88±0.51 (44)  1.72±0.17 (40)  2.17±0.26 (38)  0.43±0.05 (38)  
60 mM NaCl + 6 mM K  17.53±0.53 (70)  2.99±0.31 (70)  3.99±0.48 (70)  0.68±0.08 (59)  
60 mM NaCl + 9 mM K  17.96±0.58 (72)  3.06±0.31 (72)  4.15±0.39 (73)  0.70±0.08 (61)  
120 mM NaCl + 6 mM K  11.66±1.10 (47)  1.77±0.18 (42)  2.29±0.28 (40)  0.46±0.06 (40)  
120 mM NaCl + 9 mM K  10.29±0.86 (41)  1.63±0.17 (38)  2.00±0.24 (35)  0.40±0.05 (35)  
William-82  
Control  21.28±1.05  3.61±0.18  5.15±0.06  1.03±0.01  
60 mM NaCl  13.36±0.66 (63)  2.30±0.11 (64)  3.33±0.21 (65)  0.56±0.04 (55)  
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120 mM NaCl  7.96±0.39 (37)  1.15±0.15 (32)  1.62±0.09 (31)  0.32±0.02 (31)  
60 mM NaCl + 6 mM K  13.95±0.69 (66)  2.40±0.30 (67)  3.49±0.22 (68)  0.58±0.007 (56)  
60 mM NaCl + 9 mM K  14.54±0.72 (68)  2.47±0.31 (69)  3.63±0.35 (70)  0.59±0.04 (57)  
120 mM NaCl + 6 mM K  8.13±0.40 (38)  1.19±0.27 (33)  1.71±0.02 (33)  0.33±0.004 (32)  
120 mM NaCl + 9 mM K  7.70±0.38 (36)  1.11±0.25 (31)  1.47±0.28 (29)  0.30±0.06 (29)  
Ajmeri  
Control  17.65±0.71  2.94±0.35  4.66±0.48  0.93±0.1  
60 mM NaCl  10.13±0.41 (57)  1.74±0.21 (59)  2.91±0.30 (62)  0.49±0.05 (52)  
120 mM NaCl  5.55±0.22 (31)  0.69±0.19 (23)  1.14±0.12 (25)  0.23±0.02 (25)  
60 mM NaCl + 6 mM K  10.51±1.15 (60)  1.77±0.18 (60)  3.01±0.31 (65)  0.51±0.05 (54)  
60 mM NaCl + 9 mM K  10.70±0.43 (61)  1.79±0.37 (61)  3.14±0.32 (67)  0.52±0.05 (55)  
120 mM NaCl + 6 mM K  5.67±0.37 (32)  0.70±0.24 (24)  1.19±0.12 (26)  0.24±0.02 (26)  
120 mM NaCl + 9 mM K  5.36±0.46 (30)  0.66±0.15 (22)  1.07±0.26 (23)  0.21±0.05 (23)  
Rawal-1  
Control  26.44±0.76  4.56±0.25  6.08±0.62  1.22±0.07  
60 mM NaCl  18.26±0.53 (69)  3.11±0.33 (68)  4.29±0.26 (71)  0.73±0.04 (59)  
120 mM NaCl  13.04±0.85 (49)  2.09±0.30 (46)  2.82±0.29 (46)  0.52±0.03 (43)  
60 mM NaCl + 6 mM K  19.47±0.56 (74)  3.32±0.18 (73)  4.54±0.44 (75)  0.76±0.05 (62)  
60 mM NaCl + 9 mM K  20.42±0.59 (77)  3.52±0.39 (77)  4.75±0.28 (78)  0.79±0.05 (64)  
120 mM NaCl + 6 mM K  11.55±0.83 (44)  1.83±0.23 (40)  2.49±0.31 (41)  0.48±0.06 (40)  
120 mM NaCl + 9 mM K  12.46±0.36 (47)  1.98±0.11 (43)  2.64±0.16 (44)  0.51±0.03 (41)  
Lakota  
Control  29.31±0.89  5.01±0.56  6.28±0.62  1.36±0.07  
60 mM NaCl  20.29±0.62 (69)  3.52±0.39 (70)  4.45±0.44 (71)  0.83±0.04 (61)  
120 mM NaCl  14.41±0.98 (49)  2.50±0.28 (50)  2.74±0.35 (44)  0.60±0.03 (45)  
60 mM NaCl +6 mM K  21.33±0.65 (73)  3.73±0.42 (75)  4.71±0.47 (75)  0.88±0.05 (65)  
60 mM NaCl + 9 mM K  22.37±0.85 (76)  3.88±0.15 (78)  4.92±0.49 (78)  0.92±0.05 (68)  
120 mM NaCl + 6 mM K  15.29±0.47 (52)  2.65±0.30 (53)  2.91±0.29 (46)  0.65±0.03 (48)  
120 mM NaCl + 9 mM K  13.60±0.41 (46)  2.36±0.26 (47)  2.59±0.26 (41)  0.57±0.03 (42)  
Kwowgyo  
Control  31.34±1.12  5.44±0.33  6.58±0.51  1.52±0.04  
60 mM NaCl  22.41±0.80 (72)  3.82±0.23 (70)  4.78±0.31 (73)  0.97±0.06 (64)  
120 mM NaCl  16.25±0.58 (52)  2.79±0.23 (51)  3.03±0.23 (46)  0.84±0.02 (55)  
60 mM NaCl + 6 mM K  23.77±0.84 (76)  4.09±0.39 (75)  5.09±0.39 (77)  1.03±0.03 (67)  
60 mM NaCl + 9 mM K  24.73±1.61 (79)  4.29±0.38 (79)  5.31±0.53 (81)  1.08±0.11 (71)  
120 mM NaCl + 6 mM K  16.92±0.60 (54)  2.94±0.10 (54)  3.16±0.24 (48)  0.88±0.05 (58)  
 120 mM NaCl + 9 mM K  15.50±0.55 (49)  2.58±0.16 (47)  2.85±0.22 (43)  0.81±0.02 (53)  
CNS  
Control  35.75±0.80  6.25±0.25  7.36±0.68  1.70±0.05  
60 mM NaCl  26.75±0.55 (75)  4.74±0.32 (76)  5.51±0.51 (75)  1.19±0.04 (70)  
120 mM NaCl  21.17±0.47 (59)  3.73±0.44 (60)  4.03±0.37 (55)  1.06±0.03 (62)  
60 mM NaCl + 6 mM K  28.39±0.63 (79)  5.00±0.31 (80)  5.92±0.55 (80)  1.26±0.06 (74)  
60 mM NaCl + 9 mM K  30.19±0.67 (84)  5.38±0.43 (86)  6.28±0.58 (85)  1.31±0.04 (77)  
120 mM NaCl + 6 mM K  22.32±0.50 (62)  3.93±0.30 (63)  4.28±0.50 (58)  1.10±0.04 (65)  
120 mM NaCl + 9 mM K  19.74±1.14 (55)  3.46±0.21 (55)  3.72±0.34 (51)  1.01±0.03 (59)  
No. 13  
Control  39.13±1.20  7.07±0.27  8.66±0.56  2.00±0.07  
60 mM NaCl  30.60±0.96 (78)  5.59±0.44 (79)  6.90±0.44 (80)  1.53±0.06 (76)  
120 mM NaCl  24.98±0.66 (64)  4.56±0.31 (65)  5.80±0.37 (67)  1.37±0.05 (68)  
60 mM NaCl + 6 mM K  32.50±0.65 (83)  5.99±0.44 (85)  7.44±0.48 (86)  1.64±0.06 (82)  
60 mM NaCl + 9 mM K  34.75±1.11 (89)  6.41±0.34 (91)  7.96±0.51 (92)  1.75±0.06 (87)  
120 mM NaCl + 6 mM K  26.83±0.86 (69)  4.89±0.34 (69)  6.12±0.39 (71)  1.44±0.05 (72)  
120 mM NaCl + 9 mM K  23.35±0.96 (60)  4.25±0.23 (60)  5.43±0.41 (63)  1.29±0.05 (64)  
No. 62  Control  41.69±1.21  7.94±0.50  10.15±0.33  2.12±0.07  
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60 mM NaCl  33.50±0.65 (80)  6.45±0.40 (81)  8.38±0.69 (83)  1.68±0.05 (79)  
120 mM NaCl  27.88±0.77 (67)  5.29±0.21 (67)  7.29±0.38 (72)  1.53±0.08 (72)  
60 mM NaCl +6 mM K  35.78±0.30 (86)  6.92±0.41 (87)  9.09±0.52 (90)  1.81±0.06 (85)  
60 mM NaCl + 9 mM K  38.83±0.44 (93)  7.38±0.62 (93)  9.59±0.85 (94)  1.90±0.06 (89)  
120 mM NaCl + 6 mM K  30.18±0.98 (72)  5.67±0.29 (71)  7.68±0.25 (76)  1.61±0.05 (76)  
120 mM NaCl + 9 mM K  25.75±0.85 (62)  5.03±0.33 (63)  6.75±0.48 (67)  1.41±0.1 (67)  
S. 39.40  
Control  36.41±0.67  6.53±0.39  7.85±0.31  1.83±0.08  
60 mM NaCl  27.50±1.04 (76)  5.00±0.30 (77)  6.05±0.35 (77)  1.35±0.06 (73)  
120 mM NaCl  22.04±0.75 (61)  3.90±0.21 (60)  4.81±0.33 (61)  1.20±0.05 (65)  
60 mM NaCl + 6 mM K  29.25±1.14 (80)  5.41±0.32 (83)  6.53±0.45 (83)  1.41±0.06 (77)  
60 mM NaCl + 9 mM K  31.04±0.64 (85)  5.77±0.45 (88)  6.94±0.28 (88)  1.46±0.06 (79)  
120 mM NaCl + 6 mM K  23.65±0.61 (65)  4.14±0.25 (63)  5.07±0.51 (65)  1.25±0.05 (68)  
120 mM NaCl + 9 mM K  20.75±1.11 (57)  3.68±0.22 (56)  4.48±0.28 (57)  1.12±0.05 (61)  
No. 54  
Control  33.46±0.79  5.78±0.36  6.93±0.40  1.62±0.12  
60 mM NaCl  24.56±0.58 (73)  4.34±0.23 (75)  5.13±0.40 (74)  1.11±0.08 (68)  
120 mM NaCl  18.31±0.43 (55)  3.21±0.21 (55)  3.77±0.22 (54)  1.00±0.08 (61)  
60 mM NaCl + 6 mM K  25.99±0.62 (78)  4.55±0.11 (79)  5.44±0.32 (79)  1.17±0.09 (72)  
60 mM NaCl + 9 mM K  27.22±0.65 (81)  4.77±0.46 (83)  5.74±0.33 (83)  1.22±0.09 (75)  
120 mM NaCl + 6 mM K  19.27±0.46 (58)  3.37±0.08 (58)  3.92±0.23 (57)  1.03±0.08 (63)  
120 mM NaCl + 9 mM K  17.50±0.42 (52)  3.06±0.39 (53)  3.50±0.20 (51)  0.94±0.07 (58)  
   Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
 4.1.2.2   Shoot, root lengths (cm), leaf area (cm2) and chlorophyll contents (SPAD)  
 Comparable reductions in shoot, root lengths and leaf area was observed with increasing 
salinity among all the soybean genotypes but there was non-significant effect of K application to 
chlorophyll contents based on SPAD values in all potassium treatments (Table 4.1.2). Maximum shoot, 
root length, leaf area and chlorophyll contents were recorded in control (salts free) while minimum was 
observed in plants grown with 120 mM NaCl + 9 mM K. Among all the treatments maximum 
performance of all the soybean genotypes was observed at maximum dose of K (9 mM) at 60 mM NaCl 
induced salinity after control. Genotypes with maximum resistance to NaCl induced salinity (No. 62 
and No 13) showed minimum reduction while reduction was more marked in Ajmeri and William-82. 
Application of potassium positively enhanced plants withstand against adverse effects of NaCl induced 
salinity. Increase in shoot, root lengths and leaf area  at 60 mM NaCl + 9 mM K for No. 62 and No. 13 
was 9, 10, 15% and 11, 10, 15% respectively when compared to 60 mM NaCl alone, while for Ajmeri 
and William-82 was 3, 3, 6% and 5, 3, 8% respectively, proved positivity about potassium role towards 
salinity tolerance while the response was opposite when highest levels K (9 mM) and NaCl (120 mM) 
were applied together. Utilization of potassium for overcoming salinity was better in salt tolerant 
soybean genotypes as well as for salt sensitive soybean genotypes.  
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Table 4.1.2 Effect of salt treatment and K application on shoot and root lengths (cm), leaf area 
(cm2) and chlorophyll contents (SPAD) of soybean  
Soybean 
Genotypes  
Treatments  
Shoot Length 
(cm)  
Root Length 
(cm)  
Leaf Area (cm2)  
Chlorophyll  
Contents  
(SPAD)  
NARC-2  
Control  81.91±2.47  11.75±1.03  738.75±3.33  35.95±1.56  
60 mM NaCl  51.12±1.54 (62)  8.06±0.71 (69)  468.08±4.81 (63)  31.12±1.35 (87)  
120 mM NaCl  35.36±1.07 (43)  5.80±0.51 (49)  276.63±3.60 (37)  28.23±0.91 (79)  
60 mM NaCl + 6 mM K  52.22±1.57 (64)  8.34±0.73 (71)  482.26±2.17 (65)  31.32±0.96 (87)  
60 mM NaCl + 9 mM K  53.58±1.61 (65)  8.59±0.75 (73)  518.31±2.33 (70)  31.60±1.37 (88)  
120 mM NaCl + 6 mM K  36.23±1.09 (44)  5.93±0.52 (50)  299.34±1.35 (41)  28.39±1.23 (79)  
120 mM NaCl + 9 mM K  34.66±1.04 (42)  5.66±0.50 (48)  263.02±5.52 (36)  28.00±1.22 (78)  
William-82  
Control  80.44±2.24  10.73±0.60  721.25±4.48  35.25±1.25  
60 mM NaCl  48.48±1.35 (60)  7.14±0.40 (67)  428.35±2.66 (59)  29.98±1.06 (85)  
120 mM NaCl  32.13±2.33 (40)  5.08±0.29 (47)  253.59±1.57 (35)  27.13±0.96 (77)  
60 mM NaCl + 6 mM K  51.81±3.45 (64)  7.35±0.41 (68)  447.61±2.78 (62)  30.16±1.07 (86)  
60 mM NaCl + 9 mM K  52.26±1.45 (65)  7.50±0.42 (70)  484.97±3.01 (67)  30.31±1.61 (86)  
120 mM NaCl + 6 mM K  32.84±0.91 (41)  5.20±0.30 (48)  258.58±4.34 (36)  27.29±2.01 (77)  
120 mM NaCl + 9 mM K  31.46±0.87 (39)  4.95±0.28 (46)  243.07±4.94 (34)  27.01±0.96 (77)  
Ajmeri  
Control  76.51±1.63  7.97±0.57  707.75±2.87  34.50±1.55  
60 mM NaCl  43.86±0.93 (57)  5.05±0.36 (63)  405.33±1.64 (57)  29.06±1.31 (84)  
120 mM NaCl  28.70±0.61 (38)  3.60±0.50 (45)  228.67±0.93 (32)  26.35±1.19 (76)  
60 mM NaCl + 6 mM K  45.35±0.96 (59)  5.21±0.45 (65)  419.62±1.70 (59)  29.33±1.32 (85)  
60 mM NaCl + 9 mM K  46.23±2.45 (60)  5.30±0.38 (66)  448.86±1.82 (63)  29.46±0.82 (85)  
120 mM NaCl + 6 mM K  29.47±1.91 (39)  3.67±0.26 (46)  236.80±4.52 (33)  26.47±1.31 (77)  
120 mM NaCl + 9 mM K  27.52±2.58 (36)  3.53±0.86 (44)  220.13±3.13 (31)  26.20±1.18 (76)  
Rawal-1  
Control  84.06±2.63  13.13±0.66  740.50±4.29  36.35±1.01  
60 mM NaCl  54.30±1.70 (65)  9.26±0.46 (71)  483.62±2.80 (65)  31.77±0.88 (87)  
120 mM NaCl  40.04±1.25 (48)  6.85±0.34 (52)  299.35±4.50 (40)  28.81±0.8 (79)  
60 mM NaCl + 6 mM K  58.12±1.82 (69)  9.62±0.48 (73)  519.61±3.01 (70)  31.90±0.88 (88)  
60 mM NaCl + 9 mM K  59.52±3.92 (71)  9.88±0.50 (75)  566.33±3.28 (76)  32.16±0.9 (88)  
120 mM NaCl + 6 mM K  41.22±1.96 (49)  7.10±0.36 (54)  337.74±1.96 (46)  28.99±0.84 (80)  
120 mM NaCl + 9 mM K  37.49±0.76 (45)  6.62±0.33 (50)  275.98±1.60 (37)  28.57±1.61 (79)  
Lakota  
Control  86.36±1.91  14.10±0.87  748.00±3.24  36.99±0.82  
60 mM NaCl  58.05±1.28 (67)  10.31±0.63 (73)  488.22±2.11 (65)  32.60±0.72 (88)  
120 mM NaCl  41.36±0.91 (48)  7.80±0.48 (55)  326.80±3.20 (44)  29.48±0.65 (80)  
 60 mM NaCl +6 mM K  60.86±1.34 (70)  10.75±0.66 (76)  511.92±4.25 (68)  32.92±0.73 (89)  
60 mM NaCl + 9 mM K  63.32±1.40 (73)  11.17±1.17 (79)  553.00±2.40 (74)  33.13±1.49 (90)  
120 mM NaCl + 6 mM K  43.62±0.96 (51)  8.13±0.83 (58)  383.72±1.66 (51)  29.94±1.48 (81)  
120 mM NaCl + 9 mM K  40.06±0.88 (46)  7.50±0.46 (53)  309.77±2.89 (41)  29.23±1.59 (79)  
Kwowgyo  
Control  88.42±1.55  15.02±0.69  753.25±3.09  37.65±0.93  
60 mM NaCl  62.13±3.08 (70)  11.26±0.51 (75)  513.79±2.11 (68)  33.42±0.82 (89)  
120 mM NaCl  45.52±0.80 (51)  8.74±0.40 (58)  386.27±1.59 (51)  30.15±0.74 (80)  
60 mM NaCl + 6 mM K  64.82±1.14 (73)  11.90±0.54 (79)  553.04±2.27 (73)  33.59±0.83 (89)  
60 mM NaCl + 9 mM K  67.68±1.19 (77)  12.39±0.57 (83)  605.54±2.49 (80)  33.93±1.11 (90)  
120 mM NaCl + 6 mM K  47.46±0.83 (54)  9.01±0.41 (60)  426.03±3.50 (57)  30.46±0.64 (81)  
120 mM NaCl + 9 mM K  43.69±0.77 (49)  8.28±0.38 (55)  347.67±2.97 (46)  29.95±0.74 (80)  
CNS  Control  92.75±1.80  17.05±0.78  763.50±4.11  38.07±1.09  
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60 mM NaCl  68.23±1.32 (74)  13.18±0.60 (77)  549.95±2.96 (72)  34.72±0.45 (91)  
120 mM NaCl  52.89±1.02 (57)  10.13±0.46 (59)  459.55±2.48 (60)  31.15±0.89 (82)  
60 mM NaCl + 6 mM K  71.90±1.39 (78)  13.89±0.64 (81)  594.54±3.20 (78)  34.92±1.00 (92)  
60 mM NaCl + 9 mM K  75.69±1.47 (82)  14.53±0.67 (85)  646.99±3.49 (85)  35.22±1.01 (93)  
120 mM NaCl + 6 mM K  53.58±3.01 (58)  10.65±0.49 (62)  522.39±2.81 (68)  31.40±1.50 (82)  
120 mM NaCl + 9 mM K  50.42±0.98 (54)  9.60±0.44 (56)  423.36±2.28 (55)  30.90±0.88 (81)  
No. 13  
Control  97.25±2.29  19.75±0.85  788.88±4.46  39.40±0.92  
60 mM NaCl  73.36±2.51 (75)  16.32±0.71 (83)  601.20±3.40 (76)  37.19±0.87 (94)  
120 mM NaCl  59.58±3.05 (61)  12.94±0.79 (66)  497.94±2.82 (63)  33.21±0.78 (84)  
60 mM NaCl + 6 mM K  79.70±1.87 (82)  17.29±0.75 (88)  650.35±3.68 (82)  37.48±0.88 (95)  
60 mM NaCl + 9 mM K  83.75±1.97 (86)  18.46±0.62 (93)  714.25±4.04 (91)  37.90±2.18 (96)  
120 mM NaCl + 6 mM K  63.48±1.49 (65)  13.80±0.60 (70)  555.13±3.14 (70)  33.49±1.00 (85)  
120 mM NaCl + 9 mM K  56.23±1.32 (58)  12.31±1.03 (62)  460.23±2.60 (58)  32.97±0.77 (84)  
No. 62  
Control  100.33±3.23  21.75±1.25  807.25±3.84  39.88±0.77  
60 mM NaCl  78.25±4.01 (78)  18.36±1.06 (84)  635.06±3.02 (79)  38.45±0.75 (96)  
120 mM NaCl  65.69±2.12 (65)  14.42±1.84 (66)  530.61±2.52 (66)  34.39±0.67 (86)  
60 mM NaCl +6 mM K  83.74±2.70 (83)  19.61±1.13 (90)  687.29±3.27 (85)  38.91±0.76 (98)  
60 mM NaCl + 9 mM K  87.66±1.65 (87)  20.52±1.18 (94)  755.42±3.59 (94)  39.13±1.06 (98)  
120 mM NaCl + 6 mM K  68.99±1.27 (69)  15.33±0.88 (70)  588.65±2.80 (73)  34.77±1.29 (87)  
120 mM NaCl + 9 mM K  62.04±2.13 (62)  13.55±1.59 (62)  494.44±4.90 (61)  33.99±0.66 (85)  
S. 39.40  
Control  93.65±1.76  18.18±1.48  770.00±3.42  38.78±0.84  
60 mM NaCl  68.95±1.72 (74)  14.61±1.19 (80)  558.02±2.48 (72)  36.10±0.78 (93)  
120 mM NaCl  54.03±1.02 (58)  11.52±0.94 (63)  502.73±2.23 (65)  32.23±0.70 (83)  
60 mM NaCl + 6 mM K  73.65±1.38 (79)  15.48±1.26 (85)  596.98±2.65 (78)  36.44±0.79 (94)  
60 mM NaCl + 9 mM K  77.61±1.46 (83)  16.05±1.31 (88)  661.43±2.93 (86)  36.68±0.80 (95)  
120 mM NaCl + 6 mM K  56.01±1.05 (60)  12.27±1.00 (68)  547.09±2.43 (71)  32.57±0.71 (84)  
120 mM NaCl + 9 mM K  51.95±2.16 (55)  10.87±0.89 (60)  470.70±2.09 (61)  32.00±0.69 (83)  
No. 54  
Control  90.13±1.85  16.40±0.91  756.50±2.53  39.18±3.28  
60 mM NaCl  64.97±1.75 (72)  12.49±0.69 (76)  524.18±1.76 (69)  34.05±1.38 (87)  
120 mM NaCl  47.96±0.98 (53)  9.67±0.54 (59)  421.59±2.72 (56)  31.79±1.79 (81)  
60 mM NaCl + 6 mM K  68.97±1.41 (77)  13.25±0.73 (81)  555.87±2.62 (73)  35.49±0.73 (91)  
60 mM NaCl + 9 mM K  71.62±1.47 (79)  13.64±1.15 (83)  604.37±2.02 (80)  35.81±3.00 (91)  
120 mM NaCl + 6 mM K  48.21±1.0 (53)  10.15±0.78 (62)  456.70±1.53 (60)  32.06±1.62 (82)  
120 mM NaCl + 9 mM K  45.61±1.64 (51)  9.16±0.51 (56)  382.34±3.13 (51)  31.52±2.64 (80)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
  
  
  
  
4.1.2.3  Effect of salinity and K applications on relative water contents (%) and membrane 
stability index (%)  
  
Significant decrease in relative water contents and membrane stability index was  
observed in all soybean genotypes in response to induced salinity levels (60 and 120 mM NaCl) (Table. 
4.1.3). Reduction of above parameters in genotypes sensitive to salt stress (Ajmeri and William-82) 
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was more as compared to salt tolerant (No. 62 and No. 13). Maximum reduction was observed when 
plants were applied 120 mM NaCl + 9 mM K and minimum was recorded in control and in case of 
relative water contents and membrane stability index, positive improvement was observed. The values 
of RWC and MSI contents at 60 mM NaCl salinity plus with and without 9 mM potassium and in No. 
62 were 86.21, 78.51 and 78.39, 74.79 respectively while of Ajmeri was 67.05, 58.25 and 64.50, 57.55 
respectively.  
Table 4.1.3: Effect of salt treatment and K application on relative water contents (%) and 
membrane stability index of soybean  
  
Soybean Genotypes    Treatments  
Relative Water 
Contents (%)  
Membrane  
Stability Index   
NARC-2  
Control  83.00±2.04  75.47±2.21  
60 mM NaCl  68.17±1.68 (82)  62.37±1.82 (83)  
120 mM NaCl  55.43±2.75 (67)  48.58±2.22 (64)  
60 mM NaCl + 6 mM K  70.06±1.72 (84)  63.03±1.84 (84)  
60 mM NaCl + 9 mM K  71.50±0.65 (86)  63.58±0.85 (84)  
120 mM NaCl + 6 mM K  56.66±1.39 (68)  48.67±1.42 (64)  
120 mM NaCl + 9 mM K  54.33±1.34 (65)  47.72±1.40 (63)  
William-82  
Control  82.44±2.17  74.88±1.88  
60 mM NaCl  66.34±1.74 (80)  60.10±1.51 (80)  
120 mM NaCl  53.11±1.40 (64)  46.27±1.16 (62)  
60 mM NaCl + 6 mM K  68.03±1.79 (83)  60.96±1.53 (81)  
60 mM NaCl + 9 mM K  68.56±0.84 (83)  62.07±2.56 (83)  
120 mM NaCl + 6 mM K  53.55±2.18 (65)  46.70±1.17 (62)  
120 mM NaCl + 9 mM K  52.12±1.37 (63)  45.94±1.15 (61)  
Ajmeri  
Control  82.50±1.76  74.25±2.17  
60 mM NaCl  64.50±1.37 (78)  57.55±1.68 (78)  
120 mM NaCl  51.25±0.80 (62)  44.30±2.12 (60)  
60 mM NaCl + 6 mM K  66.34±1.41 (80)  57.98±3.02 (78)  
60 mM NaCl + 9 mM K  67.05±2.19 (81)  58.27±1.70 (78)  
120 mM NaCl + 6 mM K  52.03±1.11 (63)  44.54±1.30 (60)  
120 mM NaCl + 9 mM K  50.65±1.08 (61)  43.90±1.28 (59)  
Rawal-1  
Control  83.41±2.45  76.00±1.83  
60 mM NaCl  69.57±2.04 (83)  63.11±1.52 (83)  
120 mM NaCl  57.19±1.68 (69)  50.38±1.21 (66)  
60 mM NaCl + 6 mM K  71.86±2.11 (86)  63.89±1.53 (84)  
60 mM NaCl + 9 mM K  72.76±1.63 (87)  64.74±2.06 (85)  
120 mM NaCl + 6 mM K  58.08±1.70 (70)  50.89±2.47 (67)  
 120 mM NaCl + 9 mM K  56.49±1.66 (68)  49.66±1.19 (65)  
Lakota  
Control  84.25±2.51  76.50±1.19  
60 mM NaCl  71.29±2.12 (85)  64.02±0.99 (84)  
120 mM NaCl  59.95±1.78 (71)  52.22±0.65 (68)  
60 mM NaCl +6 mM K  73.74±2.19 (88)  65.21±2.42 (85)  
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60 mM NaCl + 9 mM K  74.51±2.99 (88)  65.10±1.01 (85)  
120 mM NaCl + 6 mM K  61.53±1.83 (73)  52.88±0.82 (69)  
120 mM NaCl + 9 mM K  57.60±1.71 (68)  51.70±0.80 (68)  
Kwowgyo  
Control  84.08±2.14  76.75±1.60  
60 mM NaCl  71.77±1.82 (85)  64.98±1.35 (85)  
120 mM NaCl  61.55±1.56 (73)  53.82±1.12 (70)  
60 mM NaCl + 6 mM K  73.48±1.87 (87)  65.84±1.37 (86)  
60 mM NaCl + 9 mM K  74.93±1.90 (89)  66.32±2.53 (86)  
120 mM NaCl + 6 mM K  63.06±1.60 (75)  54.50±0.57 (71)  
120 mM NaCl + 9 mM K  59.90±1.52 (71)  53.08±1.11 (69)  
CNS  
Control  85.75±2.66  78.72±2.25  
60 mM NaCl  75.05±1.81 (88)  68.66±1.96 (87)  
120 mM NaCl  67.91±2.10 (79)  59.28±1.69 (75)  
60 mM NaCl + 6 mM K  77.48±2.40 (90)  69.83±1.99 (89)  
60 mM NaCl + 9 mM K  79.65±1.52 (93)  71.22±2.03 (90)  
120 mM NaCl + 6 mM K  69.77±2.97 (81)  60.17±1.72 (76)  
120 mM NaCl + 9 mM K  65.29±2.02 (76)  58.69±1.68 (75)  
No. 13  
Control  86.78±1.17  80.30±2.18  
60 mM NaCl  76.91±1.04 (89)  73.67±2.00 (92)  
120 mM NaCl  70.52±0.95 (81)  67.65±1.84 (84)  
60 mM NaCl + 6 mM K  80.20±1.09 (92)  75.65±2.06 (94)  
60 mM NaCl + 9 mM K  82.64±1.12 (95)  77.35±2.10 (96)  
120 mM NaCl + 6 mM K  72.32±0.63 (83)  69.06±1.27 (86)  
120 mM NaCl + 9 mM K  68.06±2.82 (78)  65.99±1.79 (82)  
No. 62  
Control  87.20±2.43  80.60±2.53  
60 mM NaCl  78.39±2.18 (90)  74.79±0.59 (93)  
120 mM NaCl  73.09±2.04 (84)  68.74±2.15 (85)  
60 mM NaCl +6 mM K  81.72±2.28 (94)  76.86±1.05 (95)  
60 mM NaCl + 9 mM K  86.21±2.40 (99)  78.51±2.46 (97)  
120 mM NaCl + 6 mM K  75.12±1.14 (86)  69.72±1.06 (86)  
120 mM NaCl + 9 mM K  70.29±1.96 (81)  67.27±2.11 (83)  
S. 39.40  
Control  86.38±1.65  79.28±3.09  
60 mM NaCl  76.22±1.46 (88)  71.14±2.77 (90)  
120 mM NaCl  69.39±1.33 (80)  64.42±1.52 (81)  
60 mM NaCl + 6 mM K  78.75±0.43 (91)  73.28±1.81 (92)  
60 mM NaCl + 9 mM K  81.56±1.56 (94)  74.68±2.91 (94)  
120 mM NaCl + 6 mM K  71.01±1.75 (82)  65.34±2.54 (82)  
120 mM NaCl + 9 mM K  66.93±2.03 (77)  63.11±2.46 (80)  
No. 54  
Control  85.13±2.82  77.43±1.78  
60 mM NaCl  72.72±1.35 (85)  66.70±1.53 (86)  
120 mM NaCl  64.16±2.12 (75)  56.46±1.30 (73)  
60 mM NaCl + 6 mM K  75.12±2.49 (88)  67.74±1.56 (87)  
60 mM NaCl + 9 mM K  76.63±2.54 (90)  68.90±1.01 (89)  
120 mM NaCl + 6 mM K  66.76±1.67 (78)  57.06±1.81 (74)  
120 mM NaCl + 9 mM K  62.56±2.07 (73)  56.04±1.29 (72)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
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 4.1.2.4   Effect of salinity and K applications on gas exchange parameters  
 All soybean genotypes in response to NaCl induced salinity showed similar reducing trend for 
photosynthetic rate (A), transpiration rate (E), stomatal conductance (gs) and intercellular CO2 conc. 
(ci) (Table 4.1.4). Reduction was maximum at highest combination levels of NaCl and K (120 mM 
NaCl + 9 mM K). Genotypes like No. 62 and No. 13 being salt tolerant showed less reduction as 
compared to salt sensitive Ajmeri and William-82 genotypes. The treatment with combination of 
highest salinity level with NaCl and 6 mM dose of K showed  percent of control values in Photosynthetic 
Rate (A) (65%), Transpiration Rate (E) (70%), Stomatal Conductance (gs) (78%) and Intracellular CO2 
Conc. (Ci) (70%) was recorded in No. 62 followed by No. 13 Photosynthetic Rate (A) (63%), 
Transpiration Rate (63%), Stomatal Conductance (gs) (77%) and Intracellular CO2 Conc. (Ci) (70%), 
proved as salt tolerant varieties while salt sensitive genotype Ajmeri showed maximum reduction, 
which was Photosynthetic Rate (A) (34%), Transpiration Rate (E) (42%), Stomatal Conductance (gs) 
(50%) and Intracellular CO2 Conc. (Ci) (47%) was recorded in No. 62 followed by William-82 
Photosynthetic Rate (A) (37%), Transpiration Rate (42%), Stomatal Conductance (Gs) (53%) and 
Intracellular CO2 Conc. (Ci) (48%), when compared with control. Application of potassium in solution 
culture induced salinity enabled plants to overcome salt stress and significant enhancement was 
observed in all gas exchange parameters. Increment was more at highest level of potassium application 
in 60 mM NaCl applications while reduction was observed when 9 mM K was applied to 120 mM 
NaCl. Salt tolerant soybean genotypes showed better utilization of potassium and gave better results as 
compared to salt sensitive soybean genotypes.   
Table 4.1.4 Effect of salt treatment and K application on photosynthetic rate (A), transpiration 
rate (E), stomatal conductance (gs) and intracellular CO2 concentration (Ci) of 
soybean  
Soybean 
Genotypes  
Treatments  
Photosynthesis  
Rate (A) (µmol  
CO2 m-2 s-1)  
Transpiration  
Rate (E) (mmol  
H2O m-2 s-1  
Stomatal  
Conductance (gs)  
(mol m-2 s-1)  
Intercellular  
CO2 Conc. (ci)  
(µmol mol-1)  
NARC-2  
Control  18.89±0.96  3.30±0.39  0.23±0.02  257.75±3.30  
60 mM NaCl  10.87±0.55 (58)  2.01±0.24 (61)  0.16±0.03 (70)  177.85±2.28 (69)  
120 mM NaCl  7.60±0.39 (40)  1.42±0.17 (43)  0.12±0.01 (52)  126.30±1.62 (49)  
60 mM NaCl + 6 mM K  11.42±0.58 (60)  2.11±0.25 (64)  0.17±0.02 (75)  183.00±2.34 (71)  
60 mM NaCl + 9 mM K  11.79±1.01 (62)  2.25±0.45 (68)  0.19±0.03 (80)  188.01±5.43 (73)  
120 mM NaCl + 6 mM K  7.96±0.40 (42)  1.49±0.30 (45)  0.13±0.03 (55)  128.75±4.33 (50)  
120 mM NaCl + 9 mM K  7.03±0.72 (37)  1.32±0.15 (40)  0.11±0.01 (48)  123.72±1.58 (48)  
 
William-82  Control  18.43±0.42  3.14±0.26  0.22±0.04  254.25±3.59  
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60 mM NaCl  10.16±0.74 (55)  1.85±0.16 (59)  0.15±0.01 (69)  170.35±2.41 (67)  
120 mM NaCl  6.79±0.15 (37)  1.29±0.11 (41)  0.11±0.03 (50)  119.50±1.69 (47)  
60 mM NaCl + 6 mM K  10.57±0.24 (57)  1.95±0.16 (62)  0.16±0.03 (74)  175.43±2.48 (69)  
60 mM NaCl + 9 mM K  10.79±1.16 (59)  1.98±0.36 (63)  0.17±0.01 (77)  177.98±2.51 (70)  
120 mM NaCl + 6 mM K  6.90±0.38 (37)  1.34±0.13 (42)  0.12±0.01 (53)  122.04±1.72 (48)  
120 mM NaCl + 9 mM K  6.46±0.15 (35)  1.19±0.10 (38)  0.10±0.01 (46)  116.96±1.65 (46)  
Ajmeri  
Control  17.85±0.57  2.96±0.29  0.22±0.04  251.50±4.29  
60 mM NaCl  9.52±0.59 (53)  1.63±0.16 (55)  0.14±0.03 (66)  167.90±4.52 (67)  
120 mM NaCl  5.94±0.19 (33)  1.23±0.12 (42)  0.10±0.02 (47)  115.07±2.14 (46)  
60 mM NaCl + 6 mM K  9.85±0.81 (55)  1.74±0.17 (59)  0.15±0.03 (70)  169.15±3.65 (67)  
60 mM NaCl + 9 mM K  10.01±0.32 (56)  1.80±0.18 (61)  0.16±0.03 (74)  177.33±5.13 (71)  
120 mM NaCl + 6 mM K  6.08±0.90 (34)  1.26±0.28 (42)  0.11±0.02 (50)  118.21±2.02 (47)  
120 mM NaCl + 9 mM K  5.74±0.18 (32)  1.15±0.11 (39)  0.09±0.02 (43)  110.66±1.89 (44)  
Rawal-1  
Control  19.38±0.91  3.48±0.67  0.24±0.02  260.50±3.40  
60 mM NaCl  11.48±0.54 (59)  2.19±0.42 (63)  0.17±0.04 (73)  184.96±2.42 (71)  
120 mM NaCl  8.21±0.38 (42)  1.53±0.29 (44)  0.13±0.01 (55)  135.46±1.77 (52)  
60 mM NaCl + 6 mM K  12.07±0.57 (62)  2.33±0.45 (67)  0.18±0.01 (77)  190.17±2.48 (73)  
60 mM NaCl + 9 mM K  12.61±0.59 (65)  2.43±0.47 (70)  0.19±0.02 (82)  195.38±2.55 (75)  
120 mM NaCl + 6 mM K  8.76±0.41 (45)  1.63±0.31 (47)  0.14±0.03 (60)  140.67±1.84 (54)  
120 mM NaCl + 9 mM K  7.84±0.37 (40)  1.42±0.27 (41)  0.12±0.02 (51)  130.25±1.70 (50)  
Lakota  
Control  19.54±0.92  3.63±0.19  0.25±0.03  263.55±4.04  
60 mM NaCl  11.76±0.56 (60)  2.36±0.12 (65)  0.18±0.02 (74)  192.39±2.95 (73)  
120 mM NaCl  8.66±0.41 (44)  1.70±0.09 (47)  0.14±0.02 (58)  144.95±2.22 (55)  
60 mM NaCl +6 mM K  12.60±0.59 (64)  2.50±0.13 (69)  0.20±0.02 (80)  200.30±3.07 (76)  
60 mM NaCl + 9 mM K  13.14±0.62 (67)  2.65±0.42 (73)  0.21±0.03 (85)  208.21±3.19 (79)  
120 mM NaCl + 6 mM K  8.95±0.42 (46)  1.82±0.23 (50)  0.15±0.02 (62)  150.18±5.07 (57)  
120 mM NaCl + 9 mM K  8.23±0.39 (42)  1.52±0.22 (42)  0.13±0.02 (53)  139.68±2.14 (53)  
Kwowgyo  
Control  20.11±1.09  3.78±0.22  0.25±0.06  267.36±3.72  
60 mM NaCl  12.55±0.68 (62)  2.50±0.15 (66)  0.19±0.04 (75)  200.52±2.79 (75)  
120 mM NaCl  9.49±0.51 (47)  1.82±0.29 (48)  0.15±0.03 (60)  155.07±2.16 (58)  
60 mM NaCl + 6 mM K  13.32±0.72 (66)  2.65±0.29 (70)  0.21±0.05 (82)  211.21±2.94 (79)  
60 mM NaCl + 9 mM K  13.97±0.75 (70)  2.80±0.16 (74)  0.22±0.05 (87)  221.91±3.09 (83)  
120 mM NaCl + 6 mM K  9.90±0.53 (49)  1.97±0.12 (52)  0.16±0.04 (65)  160.41±2.23 (60)  
120 mM NaCl + 9 mM K  8.91±0.48 (44)  1.66±0.10 (44)  0.14±0.03 (55)  147.05±2.05 (55)  
CNS  
Control  20.90±1.44  4.18±0.43  0.26±0.02  271.50±3.18  
60 mM NaCl  13.90±0.95 (67)  2.88±0.30 (69)  0.20±0.02 (78)  209.06±2.45 (77)  
120 mM NaCl  11.16±0.77 (53)  2.21±0.36 (53)  0.16±0.02 (64)  160.19±1.87 (59)  
60 mM NaCl + 6 mM K  14.93±1.03 (71)  3.09±0.71 (74)  0.22±0.02 (86)  219.92±2.57 (81)  
60 mM NaCl + 9 mM K  15.75±1.08 (75)  3.30±0.34 (79)  0.23±0.02 (90)  230.76±4.71 (85)  
120 mM NaCl + 6 mM K  11.53±0.79 (55)  2.38±0.25 (57)  0.18±0.02 (69)  168.33±1.97 (62)  
120 mM NaCl + 9 mM K  10.50±0.72 (50)  2.05±0.21 (49)  0.15±0.01 (58)  152.04±1.78 (56)  
No. 13  
Control  22.03±0.73  4.58±0.75  0.28±0.03  277.11±2.66  
60 mM NaCl  15.78±1.06 (72)  3.43±0.56 (75)  0.23±0.02 (83)  227.23±2.18 (82)  
120 mM NaCl  13.05±0.43 (59)  2.56±0.42 (56)  0.19±0.02 (70)  182.89±1.75 (66)  
60 mM NaCl + 6 mM K  17.06±0.57 (77)  3.71±0.61 (81)  0.25±0.03 (90)  243.86±2.34 (88)  
60 mM NaCl + 9 mM K  18.08±1.02 (82)  4.03±0.66 (88)  0.27±0.03 (97)  257.71±2.47 (93)  
120 mM NaCl + 6 mM K  13.95±0.46 (63)  2.88±0.47 (63)  0.21±0.02 (77)  193.98±3.46 (70)  
120 mM NaCl + 9 mM K  12.19±0.40 (55)  2.38±0.39 (52)  0.18±0.02 (64)  171.81±1.65 (62)  
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No. 62  
Control  22.80±0.62  4.87±0.39  0.29±0.01  280.50±3.12  
60 mM NaCl  16.83±0.46 (74)  3.65±0.29 (75)  0.24±0.06 (85)  232.82±2.59 (83)  
120 mM NaCl  13.99±0.38 (61)  2.92±0.23 (60)  0.21±0.04 (72)  176.72±1.97 (63)  
60 mM NaCl +6 mM K  18.59±0.50 (82)  3.99±0.32 (82)  0.26±0.01 (92)  252.45±2.81 (90)  
 60 mM NaCl + 9 mM K  19.93±1.14 (87)  4.38±0.35 (90)  0.28±0.04 (98)  263.67±2.94 (94)  
120 mM NaCl + 6 mM K  14.89±0.40 (65)  3.41±0.27 (70)  0.22±0.01 (78)  196.35±2.19 (70)  
120 mM NaCl + 9 mM K  13.11±0.74 (57)  2.73±0.22 (56)  0.19±0.01 (66)  173.91±1.94 (62)  
S. 39.40  
Control  21.40±0.96  4.33±0.49  0.27±0.06  274.83±2.30  
60 mM NaCl  14.82±0.67 (69)  3.12±0.36 (72)  0.21±0.04 (80)  219.86±1.84 (80)  
120 mM NaCl  11.85±0.53 (55)  2.38±0.27 (55)  0.18±0.04 (67)  173.14±1.45 (63)  
60 mM NaCl + 6 mM K  16.07±0.72 (75)  3.42±0.39 (79)  0.23±0.05 (86)  233.61±1.96 (85)  
60 mM NaCl + 9 mM K  17.14±0.77 (80)  3.72±0.42 (86)  0.24±0.05 (92)  241.88±3.50 (88)  
120 mM NaCl + 6 mM K  12.38±0.56 (58)  2.77±0.31 (64)  0.19±0.04 (73)  186.88±1.57 (68)  
120 mM NaCl + 9 mM K  11.23±0.51 (52)  2.25±0.27 (52)  0.16±0.03 (61)  164.90±1.38 (60)  
No. 54  
Control  20.49±0.65  3.95±0.38  0.26±0.02  269.11±3.44  
60 mM NaCl  13.29±0.42 (65)  2.65±0.25 (67)  0.20±0.05 (77)  204.52±2.62 (76)  
120 mM NaCl  10.03±0.32 (49)  1.94±0.19 (49)  0.16±0.02 (63)  158.79±3.47 (59)  
60 mM NaCl + 6 mM K  14.19±1.15 (69)  2.84±0.27 (72)  0.22±0.02 (84)  217.98±2.79 (81)  
60 mM NaCl + 9 mM K  15.05±0.48 (73)  3.01±0.46 (76)  0.23±0.06 (89)  223.36±2.86 (83)  
120 mM NaCl + 6 mM K  10.42±0.76 (51)  2.09±0.20 (53)  0.18±0.04 (68)  166.85±2.14 (62)  
120 mM NaCl + 9 mM K  9.57±0.30 (47)  1.82±0.17 (46)  0.15±0.01 (58)  150.70±1.93 (56)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
  
4.1.2.5  Effect of salinity and K applications on leaf and root contents of Na+ (mg g-1 DW), K+ (mg 
g-1 DW) and Na+/K+ ratio  
 All soybean genotypes were different with respect to the concentration of Na+ both in leaves 
and roots among all the treatments. Control treatment showed minimum Na+ concentration, however it 
increased significantly under NaCl treatments (60 mM and 120 mM NaCl). The increase was minimum 
in soybean genotypes having better resistibility to salt stress (No. 62 and No. 13) while it was maximum 
in Ajmeri followed by William-82; so proved as salt sensitive. Addition of potassium decreased Na+ 
concentration not only in leaves but also in roots. This decrease was maximum at highest level of 
potassium application (9 mM K) under 60 mM NaCl, while application of  9 mM K with 120 mM NaCl 
gave opposite results giving highest contents of Na+ both in leaves and roots. No. 62 and No. 13 were 
the best ones among all soybean genotypes which maintained minimum contents of Na+ in their leaves 
and roots in response to potassium nitrate application (Table. 4.1.5 and Table. 4.1.6).   
 The increasing concentration of NaCl in the growth medium had a significant effect on K+ 
concentrations both in leaves and roots of all soybean genotypes. Salinity, both at moderate and higher 
levels significantly reduced K+ concentration in leaves as well as in roots. Highest contents of K+ were 
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recorded in control while lowest was recorded in that treatment when highest levels of NaCl and K 
were applied together. Soybean genotype No. 62 maintained highest K+ concentration followed by No. 
13, while, Ajmeri had the lower contents of K+ followed by William-82 among all soybean genotypes. 
Application of potassium to salt treated plants brought significant improvements in enhancing the levels 
of K+ both in leaves and roots. Improvement was maximum at higher level of K under 60 mM NaCl 
induced salinity. Gradual increase both in leaf and root Na+/K+ ratio was observed with increasing NaCl 
salt. Increment was highest at a combined application of 120 mM NaCl + 9 mM K among all treatments. 
Significant variation was also observed among other soybean genotypes under different treatments with 
reference to leaf and root Na+/K+ ratio. The soybean genotype No. 62 maintained minimum Na+/K+ 
ratio followed by No. 13 at both levels of salinity while Ajmeri maintained highest Na+/K+ ratio 
followed by William-82 as compared to other soybean genotypes. Application of potassium was helpful 
in all soybean genotypes to decrease the Na+/K+ ratio.  
Table 4.1.5 Effect of salt treatment and K application on the contents of Na+, K+ and Na+/K+ ratio 
of soybean leaves  
Soybean  
Genotype 
s  
Treatments  Na+ (mg/g DW)  K+ (mg/g DW)  Na+/K+ Ratio  
NARC-2  
Control  1.54±0.04  31.63±1.46  0.05±0.002  
60 mM NaCl  3.13±0.08 (203)  20.56±0.95 (65)  0.15±0.01 (312)  
120 mM NaCl  4.51±0.11 (293)  14.21±1.76 (45)  0.33±0.04 (678)  
60 mM NaCl + 6 mM K  2.99±0.08 (194)  21.51±0.99 (68)  0.14±0.01 (285)  
60 mM NaCl + 9 mM K  2.90±0.07 (188)  22.14±1.02 (70)  0.13±0.01 (269)  
120 mM NaCl + 6 mM K  4.42±0.12 (287)  14.86±0.69 (47)  0.30±0.01 (611)  
120 mM NaCl + 9 mM K  4.57±0.12 (297)  13.28±0.61 (42)  0.35±0.02 (707)  
William82  
Control  1.58±0.04  31.00±2.20  0.05±0.003  
60 mM NaCl  3.34±0.09 (211)  19.53±1.39 (63)  0.17±0.01 (335)  
120 mM NaCl  4.87±0.13 (308)  12.71±0.90 (41)  0.39±0.02 (751)  
60 mM NaCl + 6 mM K  3.21±0.09 (203)  20.15±1.43 (65)  0.16±0.01 (312)  
60 mM NaCl + 9 mM K  3.12±0.08 (197)  21.08±1.49 (68)  0.15±0.01 (290)  
120 mM NaCl + 6 mM K  4.79±0.14 (303)  13.02±0.92 (42)  0.37±0.02 (721)  
120 mM NaCl + 9 mM K  4.95±0.13 (313)  12.09±0.86 (39)  0.41±0.02 (803)  
Ajmeri  
Control  1.62±0.03  30.30±1.15  0.05±0.002  
60 mM NaCl  3.63±0.07 (224)  18.48±0.70 (61)  0.20±0.01 (367)  
120 mM NaCl  5.22±0.10 (322)  11.21±0.67 (37)  0.47±0.03 (877)  
60 mM NaCl + 6 mM K  3.52±0.07 (217)  19.09±0.73 (63)  0.19±0.01 (344)  
60 mM NaCl + 9 mM K  3.44±0.08 (212)  19.69±1.05 (65)  0.18±0.01 (328)  
120 mM NaCl + 6 mM K  5.16±0.11 (318)  11.51±0.44 (38)  0.45±0.02 (837)  
120 mM NaCl + 9 mM K  5.31±0.10 (327)  10.90±0.83 (36)  0.50±0.04 (921)  
Rawal-1  
Control  1.52±0.04  31.86±1.41  0.05±0.0024  
60 mM NaCl  2.91±0.07 (192)  21.02±1.42 (66)  0.14±0.01 (293)  
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120 mM NaCl  4.25±0.10 (280)  14.97±1.21 (47)  0.29±0.02 (604)  
60 mM NaCl + 6 mM K  2.78±0.07 (183)  22.30±1.51 (70)  0.13±0.01 (263)  
60 mM NaCl + 9 mM K  2.69±0.06 (177)  22.94±1.55 (72)  0.12±0.01 (248)  
120 mM NaCl + 6 mM K  4.16±0.11 (274)  15.93±1.08 (50)  0.26±0.02 (552)  
 120 mM NaCl + 9 mM K  4.34±0.10 (286)  14.02±0.95 (44)  0.31±0.02 (655)  
Lakota  
Control  1.47±0.05  32.35±1.46  0.05±0.003  
60 mM NaCl  2.70±0.09 (184)  22.33±1.60 (69)  0.12±0.01 (269)  
120 mM NaCl  4.00±0.14 (272)  16.18±1.16 (50)  0.25±0.02 (548)  
60 mM NaCl +6 mM K  2.56±0.09 (174)  23.62±0.95 (73)  0.11±0.01 (238)  
60 mM NaCl + 9 mM K  2.45±0.08 (167)  24.60±1.76 (76)  0.10±0.01 (222)  
120 mM NaCl + 6 mM K  3.91±0.13 (266)  16.83±1.20 (52)  0.24±0.02 (516)  
120 mM NaCl + 9 mM K  4.10±0.14 (279)  15.21±1.09 (47)  0.27±0.02 (598)  
Kwowgyo  
Control  1.48±0.06  32.75±1.11  0.05±0.003  
60 mM NaCl  2.55±0.10 (172)  23.25±0.79 (71)  0.11±0.01 (242)  
120 mM NaCl  3.85±0.15 (260)  17.36±0.94 (53)  0.23±0.02 (494)  
60 mM NaCl + 6 mM K  2.39±0.09 (161)  24.56±0.83 (75)  0.10±0.01 (215)  
60 mM NaCl + 9 mM K  2.28±0.10 (154)  25.55±1.63 (78)  0.09±0.01 (200)  
120 mM NaCl + 6 mM K  3.75±0.14 (253)  18.34±0.62 (56)  0.21±0.01 (452)  
120 mM NaCl + 9 mM K  3.96±0.15 (267)  16.38±0.55 (50)  0.24±0.02 (534)  
CNS  
Control  1.42±0.04  34.19±2.53  0.04±0.003  
60 mM NaCl  2.22±0.07 (156)  25.64±1.90 (75)  0.09±0.01 (208)  
120 mM NaCl  3.32±0.10 (234)  19.49±1.44 (57)  0.17±0.01 (411)  
60 mM NaCl + 6 mM K  2.03±0.06 (143)  27.35±2.03 (80)  0.08±0.01 (179)  
60 mM NaCl + 9 mM K  1.90±0.06 (134)  28.37±2.10 (83)  0.07±0.01 (161)  
120 mM NaCl + 6 mM K  3.21±0.11 (226)  20.51±1.52 (60)  0.16±0.01 (377)  
120 mM NaCl + 9 mM K  3.45±0.10 (243)  18.12±1.34 (53)  0.19±0.02 (458)  
No. 13  
Control  1.32±0.04  35.53±1.35  0.04±0.002  
60 mM NaCl  1.81±0.06 (137)  27.71±1.90 (78)  0.07±0.01 (178)  
120 mM NaCl  2.74±0.09 (207)  21.67±1.49 (61)  0.13±0.01 (344)  
60 mM NaCl + 6 mM K  1.63±0.05 (123)  29.84±2.05 (84)  0.06±0.01 (148)  
60 mM NaCl + 9 mM K  1.51±0.06 (114)  31.61±1.01 (89)  0.05±0.00 (128)  
120 mM NaCl + 6 mM K  2.62±0.10 (198)  23.09±1.58 (65)  0.12±0.01 (308)  
120 mM NaCl + 9 mM K  2.90±0.10 (219)  19.89±1.36 (56)  0.15±0.01 (396)  
No. 62  
Control  1.28±0.07  36.14±1.20  0.04±0.002  
60 mM NaCl  1.74±0.09 (136)  28.91±0.96 (80)  0.06±0.003 (170)  
120 mM NaCl  2.42±0.12 (189)  23.13±0.76 (64)  0.10±0.01 (295)  
60 mM NaCl +6 mM K  1.46±0.07 (114)  31.08±1.03 (86)  0.05±0.002 (133)  
60 mM NaCl + 9 mM K  1.33±0.08 (104)  32.52±1.22 (90)  0.04±0.002 (116)  
120 mM NaCl + 6 mM K  2.30±0.13 (180)  24.57±0.81 (68)  0.09±0.005 (265)  
120 mM NaCl + 9 mM K  2.57±0.13 (201)  21.32±0.71 (59)  0.12±0.01 (341)  
S. 39.40  
Control  1.38±0.05  34.83±1.04  0.04±0.001  
60 mM NaCl  1.99±0.07 (145)  26.47±0.79 (76)  0.08±0.002 (191)  
120 mM NaCl  3.03±0.12 (220)  20.90±0.63 (60)  0.14±0.004 (367)  
60 mM NaCl + 6 mM K  1.82±0.06 (132)  28.21±0.85 (81)  0.06±0.002 (163)  
60 mM NaCl + 9 mM K  1.69±0.06 (123)  29.59±1.43 (85)  0.06±0.003 (145)  
120 mM NaCl + 6 mM K  2.92±0.10 (212)  21.94±1.19 (63)  0.13±0.005 (338)  
120 mM NaCl + 9 mM K  3.18±0.11 (231)  19.16±0.57 (55)  0.17±0.005 (420)  
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No. 54  
Control  1.44±0.05  33.53±0.93  0.04±0.002  
60 mM NaCl  2.33±0.08 (162)  24.14±0.67 (72)  0.10±0.005 (225)  
120 mM NaCl  3.51±0.12 (244)  18.78±0.52 (56)  0.19±0.01 (436)  
60 mM NaCl + 6 mM K  2.16±0.08 (150)  25.48±0.71 (76)  0.09±0.004 (197)  
60 mM NaCl + 9 mM K  2.04±0.07 (142)  26.49±0.94 (79)  0.08±0.004 (180)  
120 mM NaCl + 6 mM K  3.41±0.12 (237)  19.78±1.06 (59)  0.17±0.01 (404)  
120 mM NaCl + 9 mM K  3.63±0.13 (252)  17.44±1.17 (52)  0.21±0.02 (491)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
  
Table 4.1.6  Effect of salt treatment and potassium application on the contents of Na+, K+ and 
Na+/K+ ratio of soybean root  
Soybean 
Genotypes  
Treatments  Na+ (mg/g DW)  K+ (mg/g DW)  Na+/K+ Ratio  
NARC-2  
Control  5.38±0.63  25.23±1.66  0.22±0.03  
60 mM NaCl  12.74±1.48 (237)  17.66±1.16 (70)  0.73±0.11 (339)  
120 mM NaCl  16.61±1.93 (309)  15.39±1.01 (61)  1.10±0.17 (507)  
60 mM NaCl + 6 mM K  12.26±1.43 (228)  18.41±1.90 (73)  0.70±0.14 (322)  
60 mM NaCl + 9 mM K  11.77±1.37 (219)  18.92±1.25 (75)  0.63±0.10 (292)  
120 mM NaCl + 6 mM K  16.23±1.89 (302)  15.64±0.53 (62)  1.04±0.11 (478)  
120 mM NaCl + 9 mM K  17.15±1.99 (319)  14.89±0.98 (59)  1.17±0.18 (541)  
William-82  
Control  5.63±0.53  24.72±0.68  0.23±0.02  
60 mM NaCl  13.89±1.31 (247)  16.81±0.46 (68)  0.82±0.06 (363)  
120 mM NaCl  18.28±1.72 (325)  14.34±0.39 (58)  1.27±0.09 (560)  
60 mM NaCl + 6 mM K  13.28±1.25 (236)  17.55±0.48 (71)  0.75±0.05 (332)  
60 mM NaCl + 9 mM K  12.83±1.21 (228)  18.30±1.19 (74)  0.70±0.03 (308)  
120 mM NaCl + 6 mM K  17.89±1.68 (318)  14.59±1.02 (59)  1.22±0.04 (540)  
120 mM NaCl + 9 mM K  18.79±1.77 (334)  13.84±0.74 (56)  1.35±0.06 (596)  
Ajmeri  
Control  5.68±1.08  24.30±1.92  0.23±0.03  
60 mM NaCl  14.70±2.80 (259)  15.79±1.25 (65)  0.92±0.13 (398)  
120 mM NaCl  19.30±3.68 (340)  13.12±1.04 (54)  1.45±0.21 (630)  
60 mM NaCl + 6 mM K  14.19±2.71 (250)  16.52±1.30 (68)  0.85±0.12 (368)  
60 mM NaCl + 9 mM K  13.79±2.63 (243)  17.06±0.63 (70)  0.80±0.13 (346)  
120 mM NaCl + 6 mM K  18.95±3.62 (334)  13.63±0.37 (56)  1.38±0.24 (597)  
120 mM NaCl + 9 mM K  19.75±3.77 (348)  12.88±1.02 (53)  1.51±0.22 (657)  
          
Rawal-1  
Control  5.42±0.58  25.23±0.76  0.22±0.03  
60 mM NaCl  12.14±1.30 (224)  18.17±0.55 (72)  0.67±0.08 (311)  
120 mM NaCl  15.99±1.71 (295)  15.64±0.47 (62)  1.03±0.13 (476)  
60 mM NaCl + 6 mM K  11.60±1.24 (214)  18.92±0.57 (75)  0.62±0.08 (285)  
60 mM NaCl + 9 mM K  11.06±1.18 (204)  19.68±0.94 (78)  0.57±0.07 (263)  
120 mM NaCl + 6 mM K  15.61±1.67 (288)  16.64±0.91 (66)  0.95±0.12 (440)  
120 mM NaCl + 9 mM K  16.59±1.77 (306)  15.39±0.46 (61)  1.09±0.13 (502)  
Lakota  
Control  5.33±0.71  25.48±1.86  0.22±0.04  
60 mM NaCl  11.35±1.51 (213)  19.11±1.39 (75)  0.62±0.12 (284)  
120 mM NaCl  15.14±2.01 (284)  17.07±1.24 (67)  0.92±0.18 (424)  
60 mM NaCl +6 mM K  10.82±1.44 (203)  20.13±1.47 (79)  0.56±0.11 (257)  
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60 mM NaCl + 9 mM K  10.29±1.37 (193)  21.15±1.54 (83)  0.51±0.10 (233)  
120 mM NaCl + 6 mM K  14.66±1.95 (275)  17.84±1.30 (70)  0.86±0.16 (393)  
120 mM NaCl + 9 mM K  15.72±2.09 (295)  16.31±1.19 (64)  1.00±0.19 (461)  
Kwowgyo  
Control  5.21±1.24  25.88±1.90  0.21±0.06  
60 mM NaCl  10.62±2.53 (204)  19.85±1.85 (77)  0.58±0.17 (272)  
120 mM NaCl  14.00±3.34 (269)  17.79±1.66 (69)  0.86±0.25 (400)  
60 mM NaCl + 6 mM K  9.89±2.36 (190)  20.89±1.94 (81)  0.52±0.15 (240)  
60 mM NaCl + 9 mM K  9.32±2.22 (179)  21.92±2.04 (85)  0.46±0.14 (216)  
120 mM NaCl + 6 mM K  13.59±3.24 (261)  18.57±1.73 (72)  0.80±0.24 (372)  
120 mM NaCl + 9 mM K  14.63±3.49 (281)  17.53±1.63 (68)  0.91±0.27 (424)  
  
CNS  
Control  5.04±0.50  26.61±2.24  0.19±0.03  
60 mM NaCl  9.12±0.91 (181)  21.82±1.84 (82)  0.43±0.07 (221)  
120 mM NaCl  11.89±1.19 (236)  19.16±1.61 (72)  0.64±0.10 (328)  
60 mM NaCl + 6 mM K  8.42±0.84 (167)  22.88±1.93 (86)  0.38±0.06 (194)  
60 mM NaCl + 9 mM K  7.76±0.78 (154)  23.95±2.02 (90)  0.33±0.05 (171)  
120 mM NaCl + 6 mM K  11.44±1.14 (227)  20.22±1.70 (76)  0.58±0.09 (299)  
120 mM NaCl + 9 mM K  12.65±1.26 (251)  18.36±1.55 (69)  0.71±0.11 (364)  
No. 13  
Control  4.85±0.37  27.67±2.35  0.18±0.01  
60 mM NaCl  7.80±0.60 (161)  24.07±2.04 (87)  0.33±0.02 (185)  
120 mM NaCl  10.47±0.80 (216)  21.58±1.83 (78)  0.49±0.03 (277)  
60 mM NaCl + 6 mM K  7.07±0.54 (146)  25.18±2.14 (91)  0.28±0.02 (160)  
60 mM NaCl + 9 mM K  6.35±0.49 (131)  26.29±2.23 (95)  0.24±0.01 (138)  
120 mM NaCl + 6 mM K  9.93±0.76 (205)  22.41±1.90 (81)  0.45±0.03 (253)  
120 mM NaCl + 9 mM K  11.10±0.85 (229)  20.48±1.74 (74)  0.54±0.03 (309)  
No. 62  
Control  4.73±0.30  27.94±1.74  0.17±0.01  
60 mM NaCl  6.99±0.45 (148)  24.59±1.53 (88)  0.29±0.02 (168)  
120 mM NaCl  9.59±0.62 (203)  22.07±1.37 (79)  0.44±0.03 (257)  
60 mM NaCl +6 mM K  6.00±0.39 (127)  25.99±1.62 (93)  0.23±0.02 (137)  
60 mM NaCl + 9 mM K  5.34±0.34 (113)  27.10±1.68 (97)  0.20±0.02 (116)  
120 mM NaCl + 6 mM K  9.02±0.58 (191)  22.91±1.42 (82)  0.40±0.03 (233)  
120 mM NaCl + 9 mM K  10.30±0.66 (218)  20.96±1.30 (75)  0.50±0.04 (291)  
S. 39.40  
Control  4.94±0.68  26.94±1.94  0.18±0.03  
60 mM NaCl  8.49±1.18 (172)  22.63±1.63 (84)  0.38±0.05 (205)  
120 mM NaCl  11.05±1.53 (224)  20.47±1.47 (76)  0.54±0.08 (295)  
60 mM NaCl + 6 mM K  7.55±1.05 (153)  23.97±1.72 (89)  0.32±0.05 (172)  
60 mM NaCl + 9 mM K  6.86±0.95 (139)  24.78±1.78 (92)  0.28±0.04 (151)  
120 mM NaCl + 6 mM K  10.56±1.46 (214)  21.55±1.55 (80)  0.49±0.07 (268)  
120 mM NaCl + 9 mM K  11.75±1.63 (238)  19.40±1.40 (72)  0.61±0.09 (331)  
No. 54  
Control  5.11±0.98  26.17±1.59  0.19±0.04  
60 mM NaCl  9.86±1.89 (193)  20.93±1.96 (80)  0.47±0.10 (243)  
120 mM NaCl  13.03±2.50 (255)  18.32±1.72 (70)  0.71±0.15 (367)  
60 mM NaCl + 6 mM K  9.25±1.77 (181)  21.98±2.06 (84)  0.42±0.09 (217)  
60 mM NaCl + 9 mM K  8.64±1.65 (169)  22.77±2.14 (87)  0.38±0.08 (196)  
120 mM NaCl + 6 mM K  12.57±2.41 (246)  19.10±1.79 (73)  0.66±0.14 (339)  
120 mM NaCl + 9 mM K  13.64±2.61 (267)  17.53±1.65 (67)  0.78±0.16 (401)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
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 4.1.2.6   Heat map statistical analysis of soybean genotypes and treatments  
 Statistical analysis of soybean genotypes by using growth, ionic and gas exchange parameters 
revealved that soybean genotype No. 62 performed better among all soybean genotypes but Ajmeri 
showed poor performance among all genotypes (Fig. 4.1.1). In soybean genotypes’s graph the color 
scheme showed green and orange colour at top and bottom respectively. The max green colour intensity 
indicated the best performance of genotypes while the pure orange colour showed the poor performance 
of soybean genotypes.   
 Similarly, in GG Plot of treatments the colour key showed two colours (red and blue). The red 
color showed the best performance while the blue colour showed the poor performance of treatments. T1 
showed the maximum red colour indicating the maximum growth of plants while the T7 showed the 
maximum blue colour indicating poor performance of plants based on growth, ionic and gas exchange 
parameters (Fig. 4.1.2).   
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Fig. 4.1.1 Varietal Response of Soybean by Heat map GG Plot Statistical Package  
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Fig. 4.1.2 Treatments Response of Soybean by Heat map GG Plot Statistical Package  
 4.1.2.7     Pearson correlation coefficients among qualitative and quantitative traits of soybean genotypes  
The qualitative traits relationship among soybean genotypes is presented in (Table 4.1.7). The results revealed that K+ 
concentration was correlated positively with the root and shoot length, root and shoot fresh and dry weight, chlorophyll content 
and leaf area but significantly and negatively correlated with Na+ contents in shoot. There was a strong and positive correlation  
 between root and shoot length, root and shoot fresh and dry weight, chlorophyll content, leaf area, K+ content and K+/Na+ ratio. 
Table 4.1.7 Pearson correlation coefficients among qualitative and quantitative traits of soybean genotypes  
   SFW  Na  K  Na/K  SL  SDW  RFW  RDW  LA  Chl  A  E  gs  
Na  -0.971**              
K  0.9948**  -0.9782**             
Na/K  -0.9702**  0.9947**  -0.9767**            
SL  0.9892**  -0.9514**  0.9939**  -0.9471**           
SDW  0.9977**  -0.9797**  0.9979**  -0.9748**  0.9912**          
RFW  0.9979**  -0.9778**  0.9948**  -0.9755**  0.9865**  0.9971**         
RDW  0.9873**  -0.9311**  0.9835**  -0.9315**  0.9929**  0.9823**  0.9849**        
LA  0.9985**  -0.9624**  0.9888**  -0.9608**  0.985**  0.9943**  0.9957**  0.9874**       
Chl  0.9473**  -0.9881**  0.9662**  -0.9854**  0.9382**  0.9615**  0.9508**  0.9036**  0.9321**      
A  0.9915**  -0.9506**  0.9916**  -0.9433**  0.9983**  0.9922**  0.9895**  0.9947**  0.9897**  0.9294**     
E  0.9955**  -0.9501**  0.9866**  -0.951**  0.9872**  0.9907**  0.9909**  0.9913**  0.9978**  0.922**  0.9905**    
gs  0.991**  -0.9834**  0.9835**  -0.985**  0.9648**  0.9885**  0.9939**  0.9645**  0.9899**  0.9528**  0.9689**  0.9821**   
Ci  0.987**  -0.9911**  0.992**  -0.9859**  0.9767**  0.994**  0.9882**  0.9596**  0.9816**  0.98**  0.9758**  0.9768**  0.9862**  
 **Significance at 1% probability level; RL: Root length, SL: Shoot length, RFW: Root fresh weight, SFW: Shoot fresh weight, RDW: Root dry 
weight, SDW: Shoot dry weight, LA: Leaf area, CHL: Chlorophyll contents, K+: Potassium concentration, Na+: Sodium concentration, K+ 
Potassium and sodium ratio.   
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4.1.2.7  Discussions Study-1: Screening of soybean genotypes against salt stress 
(Hydroponic Study)  
  
 Salinity badly affected the morphological, physiological and ionic parameters of all 
soybean genotypes but the effect was minimum when K was applied in combination with 
salinity (NaCl). Salinity stress caused inhibition on plant growth could be attributed to specific 
ion toxicity in plants (Huang and Redmann, 1995). Salt stress caused a significant increase in 
Na+ concentration while a considerable decrease in K+ concentration, resulting in drastic 
increment in the Na+/K+ ratio. The application of K concentration in combination with saline 
nutrient solution was proven to be effective in decreasing Na+/K+ ratio in shoot and root of all 
soybean genotypes. Salt-tolerant soybean genotypes were slightly affected by salt stress, and it 
could be quickly recovered by increasing K concentration in saline nutrient solution that was 
supplied to the plants. In contrast, growth parameters (shoot fresh and dry weights, root fresh 
and dry weights, shoot and root length) of the salt-sensitive soybean genotypes decreased more 
drastically than the salt-tolerant one under NaCl induced stress and these parameters were 
improved significantly by the application of K and best results were obtained in the treatment 
in which the combined application of salt stress (60 mM NaCl+9 mM K) and potassium were 
applied but at highest salinity level 120 mM with maximum application of potassium all the 
soybean genotypes response was negative. Therefore, by slightly increasing K concentration 
in saline media is helpful in mitigating adverse effects of salinity.   
 From the 11 soybean genotypes tested, there was a significant variation in salt tolerance 
among these genotypes especially at all the levels of salinity and K application. The presence 
of such remarkable genetic variation to salt tolerance could be very useful for the development 
of efficient genotypes and better understanding of the morphological, physiological and ionic 
mechanisms contributing to salt-stress tolerance in soybean genotypes. Genetic variation in 
tolerance to salt (NaCl) stress has been reported several times (Munns et al., 1999). Salt 
tolerance both at early growth stage as well as reproductive stages varies (Ashraf and Khanum, 
1997; Mano and Takeda, 1997; Almansouri et al., 2001). However, increasing indication 
showed that better germination and seedling growth have a positive effect on the growth and 
yield of different cereal plants (Grieve et al., 2001; Willenborg et al., 2005) as well as other 
crops (Abbasi et al., 2015).  
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 Plant roots supplies all the essential nutrients from growth medium to all growing parts having 
direct contact with the nutrient medium so rooting performance delivers very useful 
information about the salt tolerance mechanism of plants. In this study, root growth was 
adversely affected by salt stress (NaCl). It was reported that root growth was more affected by 
salinity as compared to shoot growth in salt medium so roots growth was rapidly reduced 
(Ashraf, et al., 2005). Shoot fresh and dry biomass, shoot and root length was significantly 
reduced by increasing salinity (Table 4.1.1 and 4.1.2). Similar results were reported by (Abbasi, 
et al., 2015) in maize. In the present study, almost all the soybean genotypes responded 
differently to all the levels of salinity and K. Soybean genotype No. 62 showed better 
performance in terms of plant growth parameters followed by No. 13 and proved to be salt 
tolerant to all levels of salinity. Similar results were reported by (Abbasi et al., 2014) for maize, 
(Meloni et al., 2001) for cotton and (Sarwar et al., 2004) for wheat, (Maiti et al., 2010) for 
maize.  
 Leaf area significantly reduced in NaCl stress medium because potassium deficiency 
reduced the number of leaves and leaf area (Pettigrew, 2008).   
 Chlorophyll contents (SPAD) plays an important role in photosynthetic activity which 
ultimately increases growth and yield of crops (Taiz and Zeiger, 2006). Salt stress decreases 
chlorophyll contents finally reduce photosynthetic activity which reduces crop growth and 
development (Ashraf, 2004; Hamayun et al., 2010). In the present study, NaCl stress reduced 
the chlorophyll contents at all levels of salinity which ultimately lead to reduction in biomass 
production. These results are similar to earlier studies e.g. maize (Abbasi, et al., 2015), 
Helianthus annuus (Ashraf and Sultana, 2000), soybean (Essa, 2002), cotton (Meloni et al., 
2001), canola (Mukhtar et al., 2013). With addition of K chlorophyll contents were increased 
in all soybean genotypes because application of potassium can increase the biosynthesis of 
chlorophyll effectively (Bingsong, 2002). Potassium cam improves chla, chlb, chl a+b contents 
and improves the primary reaction of photosynthesis. Applying balance amount of potassium 
to plants can increase chloroplast grana, photosynthetic electron transport chain, 
phosphorylation, photosynthesis, and activate the denovo rubisco enzyme activity (Bingsong, 
2002). Potassium can improve significantly soybean seedlings photosynthetic electron 
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transport rate, ATP-enzyme activity, and speed up the process of the photophosphorylation 
(Hao et al., 2013).  
 All photosynthetic and gas exchange parameters are essential to enhance the growth 
and productivity in saline soils. It is examined that all the photosynthetic and gas exchange 
parameters reduced in plants under saline conditions which reduces shoot fresh and dry 
weights, root fresh and dry weights, shoot and root length which ultimately leads to poor 
growth and development of plants (Ulfat et al., 2007; Siddiqi et al., 2009). Salt stress 
significantly reduce net photosynthetic rate (A), which ultimately leads to reduction in biomass 
production. These finds are closely related to previous experiments in several crops  
e.g safflower (Siddiqi et al., 2009), wheat (Arfan et al., 2007), canola (Mukhtar et al., 2013), 
maize (Abbasi, et al., 2015). It is clearly indicated from these finding that these differences 
were just due to genetic tolerance ability of plants against salt stress and these criteria can be 
used for the selection of salt tolerant genotypes. Addition of NaCl in rooting medium of plants 
significantly reduce the transpiration rate (E) in all soybean genotypes and that was also 
confirmed in earlier findings in different crop species e.g. sunflower (Noreen and Ashraf, 
2008), safflower (Siddiqi et al., 2009), maize (Abbasi, et al., 2015), canola (Hebbara et al., 
2003). Salt stress significantly reduces the stomatal conductance (gs) in all soybean genotypes 
and similar results were found in previous findings in different crops (Raza et al., 2006; Arfan 
et al., 2007). Substomatal CO2 concentration significantly reduced in all soybean genotypes 
under all the levels of NaCl stress in solution medium but application of potassium improved 
all the gas exchange parameters and the results were similar to previous studies on crop species 
sunflower (Hebbara et al., 2003), wheat (Ashraf and Shahbaz, 2003; Raza et al., 2006; Arfan 
et al., 2007), safflower (Siddiqi et al., 2009), canola (Mukhtar et al., 2013), maize (Abbasi, et 
al., 2015).   
 Potassium is essential macronutrient for plants growth and development in saline 
medium. Potassium not only plays an important role in balancing membrane potential and 
turgor but also activates enzymes and regulates osmotic pressure and water balance of plants. 
Salinity stress caused overproduction of ROS which leads to peroxidation of lipids and induces 
leakage of potassium from cell by activating potassium efflux channels so improvement of 
potassium nutritional status of plants greatly lowers the production of ROS (Cherel, 2004; 
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Cakmak, 2005; Chen, et al., 2007; Abbasi, et al., 2015). Transport of sodium from the outer 
media to plant cytoplasm is a passive process. This process determined by electrochemical 
potential gradient of Na+ and presence of Na+ permeable channels in the plasma membranes, 
which allow Na+ permeation. In this study, a higher amount of Na+ in plant tissues badly 
affected the growth and development of the soybean plants under saline medium. With 
increasing salinity Na+ concentration increased, similar to results were reported by (Munns et 
al., 1995; Serrano et al., 1998; Kaya et al., 2001).  
 For salt tolerance the capability of plant cells to retain K+ is essential, relatively than 
their ability to hamper Na+ from uptake. As a result of plant better ability to retain K+, salt-
tolerant genotypes were able to maintain lower Na+/K+ in the root, enabled plants to perform 
better under saline conditions. Similar results were reported from (Zhu et al., 1998; Santa-Cruz 
et al., 1999; Nublat et al., 2001; Tester and Davenport, 2003; Abbasi, et al., 2015). Salt 
tolerance soybean genotypes had more plant biomass, root and shoot fresh and dry weight and 
lower Na+/K+ ratio than salt sensitive soybean genotypes (Akram et al., 2010; Abbasi et al., 
2014).   
 Present study discovered that shoot fresh and dry weight, root length, shoot length, gas 
exchange parameters chlorophyll contents, leaf area and Na+/K+ ratio can be a good criteria 
while screening soybean genotypes against salt stress. These results can be a good source for 
the plant breeders and plant physiologists engaged in the development of salt tolerant soybean 
genotypes. Further this screened material can be directly used for cultivation on saline soils.  
 In the conclusion, application of suitable amount of K in the saline medium reduces 
the adverse effects of salinity and improves the plants genetic tolerance mechanism against salt 
stress for better growth and development of plants. Therefore, soybean genotypes appearing as 
potassium efficient and in-efficient in this study could be used as breeding programme for salt 
tolerance.  
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STUDY 2  4.2  Physiological, biochemical and ionic response of selected 
soybean genotypes  to potassium  application  under salinity stress 
(Hydroponic Study)  
 Two salt tolerant and two salt sensitive soybean genotypes were selected from first 
study for further study of morphological, physiological and biochemical attributes with the 
application of potassium.  
4.2.1   Results  
4.2.1.1   Effects of salt stress and K application on growth parameters  
 The shoot (fresh and dry) weight and root (fresh and dry) weight, shoot and root length 
of all the four soybean genotypes under salinity stress showed similar reducing trend (Table. 
4.2.1). The level of reduction was variable among all genotypes depending on their genetic 
ability towards salt tolerance. Among all soybean genotypes No. 62 followed by No. 13 
emerged as salt tolerant genotypes by showing minimum reduction of growth parameters 
towards salinity while Ajmeri followed by William-82 were regarded as salt sensitive by 
showing more reductions of growth parameters than the others soybean genotypes. In treatment 
combination with 60 mM NaCl induced salinity with 9 mM K No. 62 performed better with 
percent of control values 87, 84, 90 and 88% followed by No. 13 while Ajmeri exhibited 
minimum performance in growth with 58, 63, 60 and 53% values followed by William-82 in 
shoot fresh, shoot dry, root fresh and root weight respectively. Similar trend was observed in 
case of shoot and root length of all soybean genotypes. Soybean genotypes No. 62 in response 
of treatment maximum NaCl induced salinity with K 6 mM application showed percent of 
control values 67 and 66% followed by No. 13 while Ajmeri showed 42 and 43% values in 
shoot and root lengths as compared to control (Table. 4.2.1). Among all the treatments, 
maximum reduction was recorded under 120 mM NaCl with 9 mM K followed by without 9 
mM K. Results further revealed that application of potassium significantly enhanced the salt 
tolerance ability of plants and plants after receiving potassium supplementation responded with 
significant improvement in all the above mentioned parameters. Maximum improvement was 
recorded when 9 mM K was applied to 60 mM  
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NaCl containing tubs. Salt tolerant varieties (No. 62 and No. 13) showed better improvement 
by better utilization of potassium while salt sensitive genotypes (Ajmeri and William-82) 
showed minimal improvement.  
Table 4.2.1 Effect of salt treatment and K application on shoot and root fresh weight and 
dry weight of soybean (g plant-1)  
Soybean  
Genotypes  
Treatments  Shoot Fresh  
Weight (g)  
Shoot Dry 
Weight (g)  
Root Fresh  
Weight (g)  
Root Dry Weight  
(g)  
No. 62  Control  44.4±0.47  8.23±0.31  15.43±0.40  2.58±0.06  
60 mM NaCl  33.3±0.35 (75)  6.42±0.23 (74)  12.34±0.32 (80)  2.06±0.05 (80)  
120 mM NaCl  24.4±0.27 (55)  5.10±0.19 (62)  6.17±0.29 (40)  1.86±0.04 (72)  
60 mM NaCl +6 mM K  36.8±0.37 (83)  6.91±0.25 (79)  13.11±0.34 (85)  2.17±0.05 (84)  
60 mM NaCl + 9 mM K  38.6±0.39 (87)  7.32±0.26 (84)  13.88±0.36 (90)  2.27±0.05 (88)  
120 mM NaCl + 6 mM K  28.4±0.30(64)  5.43±0.21 (67)  6.94±0.31 (45)  1.96±0.05 (76)  
120 mM NaCl + 9 mM K  23.1±0.25 (52)  4.77±0.17 (56)  5.86±0.28 (38)  1.75±0.04 (68)  
No. 13  Control  43.0±0.54  7.50±0.17  14.70±0.21  2.55±0.02  
60 mM NaCl  31.0±0.39 (72)  5.55±0.13 (78)  11.47±0.16 (78)  1.99±0.02 (78)  
120 mM NaCl  22.8±0.30 (53)  4.65±0.10 (62)  5.73±0.15 (39)  1.76±0.01 (69)  
60 mM NaCl + 6 mM K  33.1±0.42 (77)  5.93±0.14 (84)  12.35±0.17 (84)  2.04±0.02 (80)  
60 mM NaCl + 9 mM K  35.3±0.44 (82)  6.30±0.15 (89)  12.94±0.18 (88)  2.19±0.02 (86)  
120 mM NaCl + 6 mM K  26.7±0.33 (62)  5.03±0.11 (66)  6.47±0.16 (44)  1.83±0.01 (72)  
120 mM NaCl + 9 mM K  21.9±0.27 (51)  4.20±0.10 (58)  5.44±0.14 (37)  1.66±0.01 (65)  
William 82  Control  33.1±0.92  3.75±0.22  11.28±0.50  2.28±0.07  
60 mM NaCl  18.2±0.50 (55)  2.25±0.13 (60)  5.64±0.25 (50)  1.25±0.04 (55)  
120 mM NaCl  14.2±0.39 (43)  1.65±0.10 (44)  3.61±0.16 (32)  0.75±0.02 (33)  
60 mM NaCl + 6 mM K  19.2±0.53 (58)  2.40±0.14 (64)  6.31±0.28 (56)  1.32±0.04 (58)  
60 mM NaCl + 9 mM K  20.2±0.56 (61)  2.55±0.15 (68)  6.77±0.30 (60)  1.37±0.05 (60)  
120 mM NaCl + 6 mM K  14.9±0.41 (45)  1.73±0.10 (46)  3.83±0.17 (34)  0.77±0.03 (34)  
120 mM NaCl + 9 mM K  13.2±0.37 (40)  1.58±0.09 (42)  3.27±0.14 (29)  0.66±0.02 (29)  
Ajmeri  Control  28.2±0.86  3.50±0.37  10.60±0.27  2.20±0.09  
60 mM NaCl  14.7±0.45 (52)  2.03±0.21 (58)  5.09±0.13 (48)  1.17±0.05 (53)  
120 mM NaCl  10.2±0.34 (36)  1.51±0.16 (43)  2.65±0.07 (25)  0.48±0.02 (22)  
60 mM NaCl + 6 mM K  15.5±0.47 (55)  2.14±0.23 (61)  5.83±0.15 (55)  1.10±0.05 (50)  
60 mM NaCl + 9 mM K  16.4±0.50 (58)  2.21±0.23 (63)  6.36±0.16 (60)  1.17±0.05 (53)  
120 mM NaCl + 6 mM K  11.8±0.36 (42)  1.58±0.17 (45)  2.76±0.07 (26)  0.51±0.02 (23)  
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120 mM NaCl + 9 mM K  9.6±0.32 (34)  1.40±0.15 (40)  2.44±0.06 (23)  0.33±0.01 (15)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
  
Fig. 4.2.1 Correlation of soybean shoot fresh weight with leaf Na+ and K+  
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Table 4.2.2:  Effect of salt treatment and K application on shoot and root length of soybean  
Soybean 
Genotypes  
Treatments  Shoot Length (cm)  Root Length (cm)  
No. 62  
Control  120.8±3.25  23.6±0.63  
60 mM NaCl  93.0±2.50 (77)  18.4±0.49 (78)  
120 mM NaCl   76.1±2.05 (63)  14.9±0.39 (63)  
60 mM NaCl +6 mM K  99.0±2.67 (82)  19.6±0.52 (83)  
60 mM NaCl + 9 mM K  103.8±2.80 (86)  20.8±0.55 (88)  
120 mM NaCl + 6 mM K  80.9±2.18 (67)  15.6±0.41 (66)  
120 mM NaCl + 9 mM K  71.2±1.92 (59)  13.7±0.36 (58)  
No. 13  
Control  117.0±2.08  19.9±0.62   
60 mM NaCl  87.8±1.56 (75)  14.9±0.46 (75)  
120 mM NaCl   72.5±1.29 (62)  11.9±0.37 (60)  
60 mM NaCl + 6 mM K  94.8±1.69 (81)  15.9±0.49 (80)  
60 mM NaCl + 9 mM K  99.5±1.77 (85)  17.1±0.53 (86)  
120 mM NaCl + 6 mM K  77.2± 1.37(66)  12.7±0.40 (64)  
120 mM NaCl + 9 mM K  67.9±1.21 (58)  11.1±0.35 (56)  
William 82  
Control  76.5±1.71  16.4±0.45  
60 mM NaCl  52.0±0.96 (56)  10.5±0.29 (64)  
120 mM NaCl   37.5±0.72 (42)  7.7±0.21 (47)  
60 mM NaCl + 6 mM K  54.3±1.21 (71)  11.0±0.30 (67)  
60 mM NaCl + 9 mM K  55.8±1.25 (73)  11.3±0.31 (69)  
120 mM NaCl + 6 mM K  39.0±0.87 (51)  8.0±0.22 (49)  
120 mM NaCl + 9 mM K  35.2±0.68 (40)  7.4±0.20 (45)  
Ajmeri  
Control  70.0±2.16  12.7±0.56  
60 mM NaCl  46.2±1.14 (53)  7.7±0.34 (61)  
120 mM NaCl   32.9± 1.02(40)  5.3±0.23 (42)  
60 mM NaCl + 6 mM K  47.6±1.25 (58)  8.0±0.35 (63)  
60 mM NaCl + 9 mM K  49.0±1.30 (60)  8.3±0.36 (65)  
120 mM NaCl + 6 mM K  33.6±1.04(42)  5.5±0.24 (43)  
120 mM NaCl + 9 mM K  31.5±0.97 (38)  5.1±0.22 (40)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.2.1.2  Effects of salt stress and K application on chlorophyll a, chlorophyll b and total 
chlorophyll contents  
 Effect of NaCl in four soybean genotypes caused significant decrease in chl a, chl b 
and total chlorophyll contents as compared to control. At 60 mM NaCl induced salinity soybean 
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genotype No. 62 showed percent of control values viz: 70, 82 and 74% followed by No. 13 
with 68, 80 and 72% while Ajmeri showed 60, 53, 57% followed by William-82 with  
62, 54, 59% values in chlorophyll a, chlorophyll b and total chlorophyll contents respectively 
(Table. 4.2.3). Potassium application improved chl a, chl b and total chlorophyll contents in all 
four soybean genotypes  except at higher level of salinity with maximum dose of potassium 
but statically its effect was not significant.  
Table 4.2.3: Effect of salt treatment and K application on chlorophyll a, chlorophyll b and 
total chlorophyll contents of soybean  
Soybean 
Genotypes  
Treatments  chl a (mg g-1 
F.W)  
chl b (mg g-1 F.W)  chl a+b (mg g-1 
F.W)  
No. 62  
Control  4.30±0.13  2.50±0.02  6.80±0.12  
60 mM NaCl  3.01±0.09 (70)  2.05±0.02 (82)  5.06±0.08 (74)  
120 mM NaCl   2.28±0.07 (53)  1.60±0.01 (64)  3.88±0.06 (57)  
60 mM NaCl +6 mM K  3.18±0.10 (74)  2.15±0.02 (86)  5.33±0.09 (78)  
60 mM NaCl + 9 mM K  3.35±0.10 (78)  2.30±0.02 (92)  5.65±0.09 (83)  
120 mM NaCl + 6 mM K  2.37±0.07 (55)  1.65±0.02 (66)  4.01±0.06 (59)  
120 mM NaCl + 9 mM K  2.15±0.06 (50)  1.45±0.01 (58)  3.60±0.06 (52)  
No. 13  
Control  4.30±0.16   2.33±0.08  6.63±0.18  
60 mM NaCl  2.92±0.11 (68)  1.86±0.07 (80)  4.79±0.13 (72)  
120 mM NaCl   2.19±0.08 (51)  1.44±0.05 (62)  3.64±0.10 (54)  
60 mM NaCl + 6 mM K  3.14±0.12 (73)  1.98±0.07 (85)  5.12±0.14 (77)  
60 mM NaCl + 9 mM K  3.40±0.12 (79)  2.09±0.08 (90)  5.49±0.15 (82)  
120 mM NaCl + 6 mM K  2.28±0.08 (53)  1.49±0.05 (64)  3.77±0.10 (56)  
120 mM NaCl + 9 mM K  2.06±0.08 (48)  1.35±0.05 (58)  3.41±0.09 (51)  
William 82  
Control  4.05±0.13  2.33±0.08  6.38±0.10  
60 mM NaCl  2.51±0.08 (62)  1.26±0.05 (54)  3.77±0.06 (59)  
120 mM NaCl   1.30±0.04 (32)  0.86±0.03 (37)  2.16±0.03 (33)  
60 mM NaCl + 6 mM K  2.63±0.09 (65)  1.33±0.05 (57)  3.96±0.07 (62)  
60 mM NaCl + 9 mM K  2.71±0.09 (67)  1.37±0.05 (59)  4.09±0.07 (64)  
120 mM NaCl + 6 mM K  1.34±0.04 (33)  0.91±0.03 (39)  2.24±0.03 (35)  
120 mM NaCl + 9 mM K  1.22±0.04 (30)  0.81±0.03 (35)  2.03±0.03 (31)  
Ajmeri  
Control  3.90±0.08  2.33±0.08  6.23±0.05  
60 mM NaCl  2.34±0.05 (60)  1.23±0.04 (53)  3.57±0.03 (57)  
120 mM NaCl   1.21±0.03 (31)  0.81±0.03 (35)  2.02±0.02 (32)  
60 mM NaCl + 6 mM K  2.50±0.05 (64)  1.28±0.05 (55)  3.78±0.03 (61)  
60 mM NaCl + 9 mM K  2.57±0.05 (66)  1.33±0.05 (57)  3.90±0.03 (63)  
120 mM NaCl + 6 mM K  1.25±0.03 (32)  0.84±0.03 (36)  2.09±0.02 (32)  
120 mM NaCl + 9 mM K  1.13±0.02 (29)  0.81±0.03 (35)  1.95±0.02 (31)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.2.1.3  Effect of salt stress and potassium application on leaf area, relative water contents 
and membrane stability index of soybean genotypes  
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 Leaf area, relative water contents and membrane stability index reduction was 
observed in all soybean genotypes in response to induced salinity (60 and 120 mM NaCl) levels 
(Table. 4.2.4). Among all the treatments applied, reduction was maximum in tubs which were 
applied a combined application of higher levels of K and NaCl (9 mM K + 120 mM NaCl). In 
response of treatment 60 mM NaCl induced salinity with 9mM K application No. 62 exhibited 
percent of control values 90. 99. And 96% followed by No. 13 while Ajmeri showed 70, 84, 
84% values in leaf area, relative water contents and membrane stability index respectively. 
Reduction was more in genotypes sensitive to salinity (Ajmeri and William-82) than tolerant 
genotypes (No. 62 and No. 13). Potassium application was better for plants in handling adverse 
effects of salinity. Plants showed significant improvement in leaf area, relative water contents 
and membrane stability index in response to K supplementation and the level of improvement 
was better in salt tolerant genotypes than salt sensitive. The response of K application along 
with 120 mM NaCl was either minimal or negative in all soybean genotypes.  
Table 4.2.4:  Effect of salt treatment and K application on leaf area, relative water contents 
and membrane stability index of soybean  
Soybean 
Genotypes  
Treatments  Leaf Area (cm2)   Relative Water 
Contents (%)  
Membrane  
Stability Index 
(%)  
No. 62  
Control  807.3±5.59  89.3±0.96  85.8±2.32  
60 mM NaCl  645.8±4.47 (80)  81.3±0.88 (91)  78.9±2.14 (92)  
120 mM NaCl   500.5±3.46 (62)  76.8±0.83 (86)  74.6±2.02 (87)  
60 mM NaCl +6 mM K  678.1±4.69 (84)  84.9±0.92 (95)  80.6±2.18 (94)  
60 mM NaCl + 9 mM K  726.5±5.03 (90)  88.4±0.95 (99)  82.3±2.23 (96)  
120 mM NaCl + 6 mM K  548.9±3.80 (68)  80.4±0.87 (90)  76.3±2.07 (89)  
120 mM NaCl + 9 mM K  468.2±3.24 (58)  73.2±0.79 (82)  72.9±1.97 (85)  
No. 13  
Control  789.8±3.42  86.3±1.25  84.8±1.89  
60 mM NaCl  616.0±2.67 (78)  75.9±1.10 (88)  76.3±1.70 (90)  
120 mM NaCl   489.6±2.12 (62)  70.7±1.03 (82)  72.0±1.60 (85)  
60 mM NaCl + 6 mM K  647.6±2.81 (82)  79.4±1.15 (92)  78.0±1.74 (92)  
60 mM NaCl + 9 mM K  687.1±2.98 (87)  81.1±1.18 (94)  79.7±1.77 (94)  
120 mM NaCl + 6 mM K  537.0±2.33 (68)  73.3±1.06 (85)  73.7±1.64 (87)  
120 mM NaCl + 9 mM K  450.2±1.95 (57)  68.1±0.99 (79)  70.3±1.57 (83)  
William 82  
Control  777.3±4.42  86.5±1.94  82.5±2.25  
60 mM NaCl  513.0±2.92 (66)  70.9±1.59 (82)  67.7±1.85 (82)  
120 mM NaCl   272.0±1.55 (35)  58.8±1.32 (68)  53.1±1.45 (64)  
60 mM NaCl + 6 mM K  528.5±3.01 (68)  72.7±1.63 (84)  68.6±1.87 (83)  
60 mM NaCl + 9 mM K  544.1±3.10 (70)  74.4±1.67 (86)  69.5±1.90 (84)  
120 mM NaCl + 6 mM K  287.6±1.64 (37)  60.6±1.36 (70)  54.0±1.48 (66)  
120 mM NaCl + 9 mM K  256.5±1.46 (33)  57.1±1.28 (66)  52.0±1.42 (63)  
Ajmeri  Control  770.3±4.01  86.5±1.32  82.0±1.41  
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60 mM NaCl  500.7±2.61 (65)  69.2±1.06 (80)  66.5±1.15 (81)  
120 mM NaCl   254.2±1.32 (33)  57.1±0.87 (66)  52.0±0.90 (63)  
60 mM NaCl + 6 mM K  516.1±2.69 (67)  70.9±1.08 (82)  67.6±1.17 (82)  
60 mM NaCl + 9 mM K  539.2±2.81 (70)  72.7±1.11 (84)  68.6±1.18 (84)  
120 mM NaCl + 6 mM K  261.9±1.36 (34)  58.0±0.89 (67)  52.6±0.91 (64)  
120 mM NaCl + 9 mM K  238.8±1.24 (31)  56.2±0.86 (65)  51.0±0.88 (62)  
  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
  
Fig. 4.2.2   Correlation of soybean leaf Na with membrane stability index and relative 
water contents  
  
4.2.1.4   Effects of salt stress and K application on solute, water and pressure potential  
  
 Salinity stress significantly reduced Ψw but it did not significantly affect Ψp and Ψs 
as compared to normal conditions. Application of potassium markedly increased Ψp, however 
it decreased Ψs. The supplemented potassium significantly lowered Ψs which contributed to 
maintenance of turgor and resulted in the highest Ψp in salinity stressed plants except at higher 
level of salinity with maximum dose of potassium. At 60 mM NaCl induced salinity soybean 
genotype No. 62 showed percent of control values 215, 221, 233% in water, solute and pressure 
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potential respectively while with application of 9 mM K at 60 mM NaCl induced salinity the 
values were 186, 228, 314% followed by No.13 while Ajmeri showed the values range 248. 
278, 568% at 60 mM salinity and 228, 284, 851% with 60 mM NaCl salinity in combination 
with 9 mm K respectively followed by William-82 as compared to control (Table. 4.2.5).  
  
Table 4.2.5  Effect of salt treatment and K application on solute, water and pressure 
potential of soybean  
Soybean 
Genotypes  
Treatments  Water Potential (- 
MPa)  
Solute Potential (- 
MPa)  
Pressure Potential 
(MPa)  
No. 62  
Control  0.51±0.013  0.76±0.01  0.25±0.024  
60 mM NaCl  1.09±0.028 (215)  1.67±0.03 (221)  0.58±0.052 (233)  
120 mM NaCl   1.10±0.029 (218)  2.09±0.04 (277)  0.99±0.059 (396)  
60 mM NaCl +6 mM K  1.00±0.026 (198)  1.70±0.02 (225)  0.70±0.022 (281)  
60 mM NaCl + 9 mM K  0.94±0.025 (186)  1.73±0.01 (228)  0.79±0.036 (314)  
120 mM NaCl + 6 mM K  1.03±0.027 (204)  2.11±0.04 (280)  1.08±0.049(432)  
120 mM NaCl + 9 mM K  1.16±0.030 (230)  2.13±0.04 (282)  0.97±0.061 (387)  
No. 13  
Control  0.53±0.016  0.79±0.01  0.26±0.026   
60 mM NaCl  1.16±0.034 (220)  1.89±0.03 (240)  0.74±0.059 (280)  
120 mM NaCl   1.17±0.035 (222)  2.36±0.04 (300)  1.20±0.066 (456)  
60 mM NaCl + 6 mM K  1.05±0.031 (200)  1.92±0.01 (243)  0.87±0.024 (330)  
60 mM NaCl + 9 mM K  1.00±0.030 (190)  1.95±0.03 (247)  0.95±0.055 (361)  
120 mM NaCl + 6 mM K  1.09±0.032 (208)  2.39±0.04 (303)  1.29±0.064 (493)  
120 mM NaCl + 9 mM K  1.22±0.036 (233)  2.41±0.04 (306)  1.19±0.068 (452)  
William 82  
Control  0.83±0.021  0.92±0.01  0.09±0.029  
60 mM NaCl  1.99±0.050 (240)  2.48±0.03 (270)  0.49±0.071 (546)  
120 mM NaCl   2.08±0.052 (251)  3.04±0.04 (330)  0.95±0.079 (1058)  
60 mM NaCl + 6 mM K  1.93±0.049 (233)  2.51±0.03 (225)  0.58±.070 (641)  
60 mM NaCl + 9 mM K  1.87±0.047 (225)  1.53±0.03 (205)  0.66±0.069 (736)  
120 mM NaCl + 6 mM K  2.01±0.050 (242)  3.05±0.04 (308)  1.05±0.077 (1162)  
120 mM NaCl + 9 mM K  2.16±0.054 (260)  3.08±0.04 (295)  0.92±0.081 (1026)  
Ajmeri  
Control  0.85±0.132  0.94±0.01  0.09±0.023  
60 mM NaCl  2.11±0.328 (248)  2.60±0.03 (278)  0.50±0.061 (568)  
120 mM NaCl   2.16±336 (254)  3.16±0.04 (338)  1.01±0.067 (1151)  
60 mM NaCl + 6 mM K  2.00±0.311 (235)  2.63±0.03 (281)  0.64±0.059 (726)  
60 mM NaCl + 9 mM K  1.94±0.302 (228)  1.66±0.03 (284)  0.75±0.037 (851)  
120 mM NaCl + 6 mM K  2.07±323 (244)  3.19±0.04 (341)  1.12±0.066 (1280)  
120 mM NaCl + 9 mM K  2.28±0.355 (268)  3.23±0.04 (345)  0.95±0.070 (1090)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.2.1.5   Effects of salt stress and K application on gas exchange parameters of soybean 
genotypes  
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 All the gas exchange parameters including photosynthetic rate, transpiration rate, 
stomatal conductance and intercellular CO2 concentration were reduced in response to all levels 
of NaCl induced salinity. Reduction was more at more salinity (Table. 4.2.6). While maximum 
reduction among all the four soybean genotypes were shown at 9 mM K with 120 mM NaCl 
combined application and in this treatment No. 62 showed percent of control values 56,55, 64 
and 62% followed by No. 13 with 55, 52,62 and 61% while Ajmeri showed 36, 36, 45 and 51% 
followed by William-82 with 38, 37, 48 and 52% values in photosynthesis rate, transpiration 
rate, stomatal conductance and  intercellular CO2 concentration respectively. The response of 
all the soybean genotypes was variable owing to their different genetic potential of salt 
tolerance. No. 62 followed by No. 13 showed less reduction in gas exchange parameters in 
response to salinity as compared with Ajmeri and William-82. Plants growing under induced 
salt stress when were given dose of K responded with significant improvement in gas exchange 
parameters. ImpSrovement was more at higher level of K. Better recovery in response to 
potassium application was observed at 60 mM NaCl and recovery was minimal or even 
negative at 120 mM NaCl.  
Table 4.2.6 Effect of salt treatment and K application on photosynthetic rate (A), 
transpiration rate (E), stomatal conductance (gs), intracellular CO2 
concentration (Ci) of soybean  
Soybean 
Genotyp 
es  
Treatments  Photosynthesis  
Rate (A) (µmol  
CO2 m-2 s-1)  
Transpiration  
Rate (E) (mmol  
H2O m-2 s-1  
Stomatal  
Conductance (gs)  
(mol m-2 s-1)  
Intercellular  
CO2 Conc. (ci)  
(µmol mol-1)  
No. 62  Control  20.8±0.77  4.18±0.19  0.29±0.013  285.0±2.08  
60 mM NaCl  15.6±0.58 (75)  3.09±0.14 (74)  0.24±0.010 (82)  228.0±1.67 (80)  
120 mM NaCl   12.5±0.46 (60)  2.51±0.11 (60)  0.20±0.009 (68)  188.1±1.37 (66)  
60 mM NaCl +6 mM K  16.8±0.62 (81)  3.34±0.15 (80)  0.26±0.011 (90)  245.1±1.79 (86)  
60 mM NaCl + 9 mM K  18.1±0.67 (87)  3.59±0.16 (86)  0.28±0.012 (96)  262.2±1.92 (92)  
120 mM NaCl + 6 mM K  13.3±0.49 (64)  2.71±0.12 (65)  0.21±0.009 (72)  199.5±1.46 (70)  
120 mM NaCl + 9 mM K  11.6±0.43 (56)  2.30±0.10 (55)  0.18±0.008 (64)  176.7±1.29 (62)  
No. 13  Control  20.2±0.66  3.73±0.21   0.25±0.017  279.5±1.71  
60 mM NaCl  14.9±0.49 (74)  2.72±0.15 (73)  0.20±0.014 (80)  215.2±1.32 (77)  
120 mM NaCl   11.9±0.39 (59)  2.09±0.12 (56)  0.17±0.011 (66)  181.7±1.11 (65)  
60 mM NaCl + 6 mM K  16.1±0.52 (80)  2.91±0.16 (78)  0.22±0.015 (86)  229.2±1.40 (82)  
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60 mM NaCl + 9 mM K  17.6±0.57 (87)  3.17±0.17 (85)  0.23±0.015 (90)  240.4±1.47 (86)  
120 mM NaCl + 6 mM K  12.7±0.41 (63)  2.31±0.13 (62)  0.18±0.012 (70)  192.9±1.18 (69)  
120 mM NaCl + 9 mM K  11.1±0.36 (55)  1.94±0.11 (52)  0.16±0.011 (62)  170.5±1.04 (61)  
William  
82  
Control  19.8±0.69  3.63±0.19  0.25±0.014  279.5±1.71  
60 mM NaCl  11.1±0.39 (56)  2.21±0.12 (61)  0.18±0.010 (72)  190.1±1.16 (68)  
120 mM NaCl   7.9±0.28 (40)  1.38±0.07 (38)  0.12±0.007 (50)  150.9±0.92 (54)  
60 mM NaCl + 6 mM K  11.5±0.40 (58)  2.28±0.12 (63)  0.19±0.010 (75)  195.7±1.20 (70)  
60 mM NaCl + 9 mM K  11.9±0.42 (60)  2.36±0.12 (65)  0.19±0.011 (77)  201.2±1.23 (72)  
120 mM NaCl + 6 mM K  8.3±0.29 (42)  1.45±0.08 (40)  0.13±0.007 (52)  154.3±0.94 (55)  
120 mM NaCl + 9 mM K  7.5±0.26 (38)  1.34±0.07 (37)  0.12±0.007 (48)  145.3±0.89 (52)  
Ajmeri  Control  19.4±0.45  3.48±0.19  0.25±0.017  278.5±1.48  
 60 mM NaCl  10.6±0.25 (55)  2.02±0.11 (58)  0.18±0.012 (70)  186.8±0.99 (67)  
120 mM NaCl   7.4±0.17 (38)  1.29±0.07 (37)  0.12±0.008 (46)  144.8±0.77 (52)  
60 mM NaCl + 6 mM K  11.0±0.26 (57)  2.09±0.12 (60)  0.18±0.012 (73)  191.0±1.02 (69)  
60 mM NaCl + 9 mM K  11.4±0.27 (59)  2.12±0.12 (61)  0.19±0.013 (75)  193.0±1.03 (69)  
120 mM NaCl + 6 mM K  7.5±0.18 (39)  1.32±0.07 (38)  0.12±0.008 (47)  148.7±0.79 (53)  
120 mM NaCl + 9 mM K  7.0±0.16 (36)  1.25±0.07 (36)  0.11±0.008 (45)  142.8±0.76 (51)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
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Fig. 4.2.3 Correlation of soybean photosynthetic rate with leaf Na+ and K+  
  
Fig. 4.2.4   Correlation of soybean leaf Na with transpiration rate, stomatal conductance 
and intercellular CO2 conc.  
4.2.1.6  Effect of salinity and K applications on leaf and root contents of Na+ (mg g-1), K+ 
(mg g-1) and Na+/K+ ratio  
  
 All soybean genotypes responded differently with respect to the concentration of Na+ 
and K+ both in leaves and roots among all the treatments. Control treatment showed lowest Na+ 
concentration, but it increased significantly under NaCl induced salt treatments (60 mM and 
120 mM NaCl). The increase was minimum in soybean genotypes showing better tolerance to 
salt stress (No. 62 and No. 13) while it was maximum in genotypes having poor tolerance to 
salt stress Ajmeri followed by William-82. Addition of potassium decreased Na+ contents not 
only in leaves but also in roots. This decrease was maximum at highest level of potassium 
application (9 mM K) under 60 mM NaCl, while application of  9 mM K with 120 mM NaCl 
gave opposite results showing maximum contents of Na+ both in leaves and roots. No. 62 and 
No. 13 were the best ones among all soybean genotypes which maintained minimum contents 
of Na+ in their leaves and roots in response to potassium application (Table. 4.2.7 and Table. 
4.2.8).   
 The increasing concentration of NaCl in the growth medium had a significant effect 
on K+ concentrations both in leaves and roots of all soybean genotypes (Tab. 4.2.7 and Table. 
4.2.8). Salt stress, at all levels significantly reduced K+ concentration in leaves and roots. 
Maximum contents of K+ was recorded in control while lowest was recorded in treatment 
where highest levels of NaCl with K were applied in combination. Soybean genotype No. 62 
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maintained highest K+ concentration showed percent of control value 69% followed by No. 13 
with 68%, William-82 with 47% while Ajmeri showed 44% values of K at maximum dose of 
K with 60 mM NaCl induced salt stress (Table. 5). Application of potassium to salt treated 
plants brought significant improvements in enhancing the levels of K+ both in leaves and roots.   
 With increasing NaCl concentration, the contents of Na+ in leaves and roots increased 
significantly in all soybean genotypes while the accumulations of Na+ and Cl- in leaves of 
William 82 and Ajmeri were higher than those in No. 13 and No. 62. On the contrary, the 
content of K+ decreased both in leaves and roots but reduction was more in roots. The Na+/K+ 
ratio also increased in leaves and roots of these genotypes with increasing salinity. Compared 
with William 82 and Ajmeri, No. 13 and No. 62 maintained a significantly lower Na+/K+ ratio, 
especially in leaves. The highest potassium concentration at high salinity level resulted in 
maintaining lower Na+/K+ ratio in No. 62 soybean genotype, showing better performance under 
saline conditions. Addition of potassium in solution significantly decrease Na+/K+ ratio in salt 
tolerant soybean genotypes but no significant effect of potassium on Na+/K+  ratio in salt 
sensitive soybean genotypes was observed at both intervals except at 120 mM NaCl with higher 
dose of potassium.  
  
Table 4.2.7  Effect of salt treatment and K application on leaf K+, Na+ (mg g-1 DW) and 
K+/Na+ ratio of soybean  
Soybean 
Genotypes  
Treatments  Na+ concentration 
(mg g-1DW)  
K+ concentration 
(mg g-1DW)  
Na+ /K+  
No. 62  
Control  1.23±0.03  37.0±1.58  0.03±0.001  
60 mM NaCl  2.04±0.05 (166)  30.3±1.30 (82)  0.07±0.002 (202)  
120 mM NaCl   2.51±0.06 (204)  24.4±1.04 (66)  0.10±0.003 (309)  
60 mM NaCl +6 mM K  1.75±0.04 (142)  31.8±1.36 (86)  0.06±0.002 (165)  
60 mM NaCl + 9 mM K  1.60±0.04 (130)  33.3±1.42 (90)  0.05±0.001 (144)  
120 mM NaCl + 6 mM K  2.41±0.06 (196)  25.5±1.09 (69)  0.09±0.003 (284)  
120 mM NaCl + 9 mM K  2.76±0.07 (224)  22.2±0.95 (60)  0.12±0.00 (373)  
No. 13  
Control  1.24±0.02  36.3±1.38   0.03±0.001  
60 mM NaCl  2.11±0.03 (170)  29.0±1.10 (80)  0.07±0.00 2(212)  
120 mM NaCl   2.55±0.04 (205)  23.2±0.88 (64)  0.11±0.004 (320)  
60 mM NaCl + 6 mM K  1.79±0.03 (144)  30.8±1.17 (85)  0.06±0.002 (169)  
60 mM NaCl + 9 mM K  1.64±0.03 (132)  32.3±1.23 (89)  0.05±0.002 (148)  
120 mM NaCl + 6 mM K  2.46±0.04 (198)  24.7±0.94 (68)  0.10±0.003 (291)  
120 mM NaCl + 9 mM K  2.82±0.05 (227)  21.0±0.80 (58)  0.13±0.005 (391)  
William 82  
Control  1.28±0.01  32.5±1.04  0.04±0.002   
60 mM NaCl  3.19±0.03 (250)  20.8±0.67 (64)  0.15±0.006 (390)  
120 mM NaCl   3.88±0.03 (304)  15.0±0.48 (46)  0.26±0.010 (660)  
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60 mM NaCl + 6 mM K  3.04±0.02 (238)  21.5±0.69 (66)  0.14±0.005 (360)  
60 mM NaCl + 9 mM K  2.91±0.02 (228)  22.1±0.71 (68)  0.13±0.005 (335)  
120 mM NaCl + 6 mM K  3.79±0.03 (297)  15.3±0.49 (47)  0.25±0.009 (631)  
120 mM NaCl + 9 mM K  4.04±0.03 (316)  13.7±0.44 (42)  0.30±0.011 (752)  
Ajmeri  
Control  1.33±0.01  30.8±1.11  0.04±0.002  
60 mM NaCl  3.30±0.04 (248)  18.5±0.67 (60)  0.18±0.006 (413)  
120 mM NaCl   4.10±0.05 (308)  13.2±0.48 (43)  0.31±0.011 (716)  
60 mM NaCl + 6 mM K  3.19±0.04 (240)  18.8±0.68 (61)  0.17±0.006 (393)  
60 mM NaCl + 9 mM K  3.06±0.03 (230)  19.4±0.70 (63)  0.16±0.006 (365)  
120 mM NaCl + 6 mM K  3.99±0.04 (300)  13.5±0.49 (44)  0.30±0.010 (681)  
120 mM NaCl + 9 mM K  4.26±0.05 (320)  12.9±0.47 (42)  0.33±0.012 (761)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
  
  
  
  
Table 4.2.8   Effect of salt treatment and K application on root K+, Na+ (mg g-1DW) and 
K+/Na+ ratio soybean  
Soybean 
Genotypes  
Treatments  Na+ concentration 
(mg g-1DW)  
K+ concentration 
(mg g-1DW)  
Na+ /K+  
No. 62  
Control  5.2±0.35  25.6±1.03  0.20±0.010  
60 mM NaCl  7.6±0.52 (148)  22.6±0.91 (88)  0.34±0.017 (168)  
120 mM NaCl   10.5±0.72 (203)  20.3±0.81 (79)  0.52±0.026 (256)  
60 mM NaCl +6 mM K  6.5±0.45 (127)  23.8±0.96 (93)  0.27±0.014 (136)  
60 mM NaCl + 9 mM K  5.8±0.40 (113)  24.9±1.00 (97)  0.23±0.012 (116)  
120 mM NaCl + 6 mM K  9.8±0.67 (191)  21.0±0.84 (82)  0.47±0.024 (232)  
120 mM NaCl + 9 mM K  11.2±0.77 (218)  19.2±0.77 (75)  0.58±0.030 (290)  
No. 13  
Control  5.2±0.24  25.3±1.94  0.21±0.018  
60 mM NaCl  8.4±0.39 (161)  22.0±1.69 (87)  0.39±0.033 (185)  
120 mM NaCl   11.3±0.52 (216)  19.7±1.51 (78)  0.58±0.050 (276)  
60 mM NaCl + 6 mM K  7.6±0.35 (146)  23.0±1.76 (91)  0.34±0.029 (160)  
60 mM NaCl + 9 mM K  6.8±0.31 (131)  24.0±1.84 (95)  0.29±0.025 (137)  
120 mM NaCl + 6 mM K  10.7±0.49 (205)  20.5±1.57 (81)  0.53±0.045 (253)  
120 mM NaCl + 9 mM K  12.0±0.55 (229)  18.7±1.43 (74)  0.65±0.055 (309)  
William 82  
Control  5.8±0.10   22.8±1.82  0.26±0.019  
60 mM NaCl  14.2±0.24 (247)  15.5±1.24 (68)  0.93±0.070 (363)  
120 mM NaCl   18.7±0.31 (325)  13.2±1.06 (58)  1.44±0.108 (560)  
60 mM NaCl + 6 mM K  13.6±0.23 (236)  16.2±1.29 (71)  0.85±0.064 (332)  
60 mM NaCl + 9 mM K  13.1±0.22 (228)  17.2±1.69 (75)  0.78±0.069 (304)  
120 mM NaCl + 6 mM K  18.3±0.30 (318)  13.7±1.40 (60)  1.37±0.124 (534)  
120 mM NaCl + 9 mM K  19.2±0.32 (334)  13.0±1.17 (57)  1.51±0.127 (588)  
Ajmeri  
Control  5.9±0.31  22.7±3.01  0.27±0.031  
60 mM NaCl  15.3±0.79 (259)  14.7±1.96 (65)  1.09±0.125 (398)  
120 mM NaCl   20.1±1.04 (340)  12.2±1.63 (54)  1.72±0.197 (629)  
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60 mM NaCl + 6 mM K  14.8±0.77 (250)  15.4±2.05 (68)  1.00±0.115 (367)  
60 mM NaCl + 9 mM K  14.4±0.74 (243)  17.1±0.63 (75)  0.84±0.026 (309)  
120 mM NaCl + 6 mM K  19.8±1.02 (334)  13.3±0.72 (58)  1.50±0.063 (548)  
120 mM NaCl + 9 mM K  20.6±1.07 (348)  12.0±1.60 (53)  1.79±0.205 (656)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.2.1.7   Effects of salt stress and K application on antioxidants  
 Significant decrease in the activity of antioxidant enzymes was observed under salt 
stress but application of potassium improves the activity of antioxidant enzymes. The activity 
of SOD was significantly increased in salt tolerant soybean genotypes (No. 62, No. 13) but no 
significant improvement was observed in salt sensitive soybean genotypes (William 82, Ajmeri) 
at 60 mM NaCl. POD and CAT activities are markedly improved at low salinity stress but 
significantly decreased at high salinity stress level as compared to control in all four soybean 
genotypes. In response to treatment with 60 mM NaCl induced stress with maximum dose of K 
soybean genotype No. 62  exhibited percent of control 148, 128, 129% values followed by No.13 
with 144, 131, 130% while Ajmeri showed 128, 112, 122% followed by William-82 with 132,  
119,123% in SOD, POD, CAT respectively (Table. 4.2.9). At low salinity stress, improvement in 
CAT and POD activities was high but reduction at high salinity level was less in salt tolerant 
soybean genotypes as compared to salt sensitive soybean genotypes. Addition of K significantly 
improved CAT, POD and CAT activity at both salinity levels with application of potassium except 
with maximum dose of potassium at higher salinity level. No significant effect of K on SOD, POD 
and CAT activities were observed in salt sensitive soybean genotypes.  
Table 4.2.9  Effect of salt treatment and K application on superoxide Dismutase (SOD), 
Peroxidase (POD) and Catalase (CAT) of soybean  
Soybean  
Genotypes  
Treatments  SOD (unit mg-1 of 
protein)  
POD (unit mg-1 of 
protein)  
CAT (unit mg-1 of 
protein)  
No. 62  Control  41.43±0.81  75.50±2.4   15.68±0.42  
60 mM NaCl  52.11±1.06 (126)  86.07±2.73 (114)  16.62±0.45 (106)  
120 mM NaCl   44.75±0.87 (108)  69.46±2.21 (92)  14.42±0.39 (92)  
60 mM NaCl +6 mM K  57.31±0.71 (138)  94.38±3.0 (125)  19.12±0.52 (122)  
60 mM NaCl + 9 mM K  61.52±0.72 (148)  96.64±3.07 (128)  20.22±0.55 (129)  
120 mM NaCl + 6 mM K  45.81±0.90 (111)  73.51±1.09 (97)  14.73±0.40 (94)  
120 mM NaCl + 9 mM K  39.87±0.68 (96)  61.16±1.94 (81)  13.17±0.36 (84)  
No. 13  Control  39.27±0.96   72.00±1.78   14.60±0.22   
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60 mM NaCl  48.51±0.57 (124)  80.64±1.99 (112)  15.18±0.22 (104)  
120 mM NaCl   41.63±1.02 (106)  64.08±1.58 (89)  13.43± (92)  
60 mM NaCl + 6 mM K  53.27±1.30 (136)  89.28±2.21 (124)  17.52±0.26 (120)  
60 mM NaCl + 9 mM K  56.64±1.16 (144)  94.32±2.33 (131)  18.98±0.28 (130)  
120 mM NaCl + 6 mM K  42.50±0.34 (108)  66.24±1.64 (92)  14.02±0.12 (96)  
120 mM NaCl + 9 mM K  37.31±0.91 (95)  55.44±1.37 (77)  12.05±0.10 (83)  
William 82  Control  29.9±0.58   49.25±1.49   8.95±0.54   
60 mM NaCl  35.0±0.68 (117)  54.67±1.66 (111)  9.85±.60 (110)  
120 mM NaCl   29.1±0.57 (97)  41.37±1.25 (84)  6.98±0.08 (78)  
60 mM NaCl + 6 mM K  37.6±0.73 (126)  57.62±1.75 (117)  10.65±0.65 (119)  
60 mM NaCl + 9 mM K  39.6±0.84 (132)  58.61±1.78 (119)  11.01±0.67 (123)  
120 mM NaCl + 6 mM K  30.3±0.59 (101)  43.34±1.31 (88)  7.10±0.08 (79)  
120 mM NaCl + 9 mM K  27.0±0.52 (90)  38.42±1.16 (78)  6.62±0.07 (74)  
Ajmeri  Control  27.1±0.65   47.00±1.08   7.95±0.21   
60 mM NaCl  31.0±0.74 (114)  49.82±1.14 (106)  8.67±0.23 (109)  
120 mM NaCl   25.8±0.61 (95)  36.66±0.84 (78)  5.72±0.03 (72)  
60 mM NaCl + 6 mM K  32.9±0.78 (121)  51.23±1.18 (109)  9.30±0.25 (117)  
60 mM NaCl + 9 mM K  34.8±0.83 (128)  52.64±1.21 (112)  9.70±0.26 (122)  
 120 mM NaCl + 6 mM K  26.9±0.64 (99)  39.01±0.90 (83)  6.04±0.03 (76)  
120 mM NaCl + 9 mM K  23.6±0.56 (87)  34.78±0.80 (74)  5.59±0.03 (70)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
4.2.1.8  Discussions Study-2: Physiological, biochemical and ionic response of selected 
soybean genotypes to potassium application under salinity stress (Hydroponic 
Study)  
  
 Among all the biotic and abiotic stresses salinity has become a serious threat to 
agriculture in all over the world due to its deleterious effects on morphology, physiology and 
performance of crops (Ahmad et al., 2012). These environmental stresses reduced crop yields 
below threshold levels significantly (Waraich et al., 2011; Abbas et al., 2013). In present study 
NaCl stress delayed the germination period resulted in reduction in plant growth, development 
and final yield and similar results were described on different crops by (Fercha  et al., 2011; 
Javed et al., 2014). The harmful effects of salinity on crops are related with osmotic effects, 
nutritional imbalance, specific ion toxicity and production of reactive oxygen species or 
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combination of all these factors (Ashraf, et al., 2005). NaCl induced stress adversely affects 
plant growth and production of all the soybean genotypes but the reduction was minimum in 
salt tolerant genotypes and maximum in salt sensitive genotypes also similar results reported 
in safflower by (Javed et al., 2014).  
 The present study showed that NaCl  significantly reduced plant growth and 
development, plant biomass, and yield but appropriate application of potassium in saline soils 
reduced adverse effects of salinity also confirmed by many previous findings that salinity 
reduced plant height (Agong et al., 2003; Hajer et al., 2006; Abbasi, et al., 2015), leaf area 
(Jamil et al., 2007; Abbasi et al., 2014), fresh weight (Hajer et al., 2006; Javed et al., 2014) as 
well as dry weight (Abbasi et al., 2012; Yeilaghi et al., 2012). Reduction in shoot fresh and 
dry weight of four soybean genotypes in the presence of NaCl induced salt stress was due to 
ion toxicity as excess Na+ and low K+  resulted in nutritional and metabolic imbalances. 
Reduction in growth was recorded with increasing levels of sodium while with application of 
potassium the growth of soybean genotypes improved (Fig. 4.2.1, 4.2.2, 4.2.3 and 4.2.4). Zhu, 
(2002) described that higher accumulation of Na+ impaired plant metabolism and ultimately 
reduced plant yield. Four soybean genotypes responded differently to salt stress and potassium 
application depending upon their genetic tolerance to salinity and competences to selectively 
absorb K+ over Na+. Better growth of salt-tolerant soybean genotypes was due to their higher 
accumulation of K+ under salt stress than salt-sensitive genotypes which is also reported in 
different crops e.g. in maize (Abbasi et al., 2014),  barley (Chen et al., 2005; Chen, Zhou, et 
al., 2007).   
 Soybean genotypes No. 62 and No, 13 having lowest Na+ concentration as compared 
to Ajmeri and William-82 produced greatest biomass also confirmed by Munns and James 
(2003) in wheat. Application of K+ improved plant growth and development significantly and 
minimize the toxic effects of NaCl induced salinity. This was specialized to antagonistic effect 
of K+ with Na+ (Chajjro et al., 2013). In the same way, improvement in growth and yield was 
stated in maize by the addition of K+ in saline soil (Abbasi et al., 2014).  
 Reducing chlorophyll contents of all soybean genotypes leaves with increasing salinity was 
recorded (Table. 4.3.2) may perhaps be correlated to cumulative activity of chlorophyll 
degrading enzyme e.g. chlorophyllase (Jamil et al., 2007), and the damage of the chloroplast 
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structure and the instability of pigment protein complexes (Dubey, 1997). Similar results were 
reported for sorghum (Netondo et al., 2004), wheat (El-Hendawy et al., 2005) and maize 
(Abbasi et al., 2014).  
 Tolerant soybean genotypes showed higher relative water contents as compared to salt 
sensitive at all salinity levels and potassium application improved the relative water contents. 
Similar results were reported in different crops by (Sairam et al., 2002; Abbasi, et al., 2015).   
 Potassium played an important role in all soybean genotypes for improving water relation 
parameters under salinity stress and helped the plants to absorb more water for better turgor 
potential. Potassium is an important cation in plant cells which maintain osmotic potential. 
Leaf potassium contents were lower at higher salinity levels. Turgor maintenance by lowering 
Ψs in main defense mechanism that reduce the harmful effects of environmental stresses 
(Nawaz et al., 2012). The soybean plants showed more negative Ψw under salt stress as 
compared to control because the plants tend to maintain favorable water relations that help to 
maintain resistance against salt stress and similar trend was reported in wheat plants by 
(Kaldenhoff et al., 2008). In this study potassium application improved Ψw which is similar to 
previous research findings on potato (Germ et al., 2007) and maize (Qiang-yun et al.,  
2008; Sajedi et al., 2011). The decrease in Ψw by potassium application might be due to its 
positive role in increasing water uptake by increasing root activity conditions (Kuznetsov et 
al., 2003; Yao et al., 2009). Based on these results, it can be concluded that potassium increases 
the net accumulation of osmolytes, or simple passive solute concentration during salt stress 
that resulted in reduction of Ψs. Reduction in Ψp might be due to lowering of Ψs, Pn, gs (Nawaz 
et al., 2012). Ψp reduction is caused by disturbance in Ψs that results in decreasing cell 
elongation (Vassilev and Yordanov, 1997). Reduction in Ψw cause lower in relative water 
contents and similar results were described by abiotic stress in wheat (Zivcak et al., 2009; 
Nawaz et al., 2012; Raza et al., 2012). And application of potassium significantly improved 
relative water contents both under salt stress and control conditions due to its positive role in 
improving photosynthetic apparatus and similar results were reported by (Abbasi et al., 2014).   
 RWC and osmotic potential were significantly reduced in all soybean genotypes under salt 
stress where there is deficiency of potassium was produced due to excess Na+ contents and 
similar results were reported in red beat by (Subbarao et al., 2000). These results can also be 
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related to the findings of some earlier findings in which it was reported that supplemental K+ 
increased the leaf K+ improves leaf turgor and RWC under water stressed conditions, e.g., in 
maize (Abbasi et al., 2014) and Vigna radiata (Nandwal et al., 1998). NaCl induced salinity 
significantly decreased membrane stability index due to production of reactive oxygen species 
in all soybean genotypes. But in salt tolerant genotypes ROS levels were lesser while MSI was 
higher as compared to salt sensitive genotypes. In the present study, potassium application had 
significant effect on improving MSI of all soybean genotypes while salinity alone negatively 
affect MSI and similar results were reported in wheat (Rahman et al., 2014). These results are 
also similar with spinach in which it was concluded that ion leakage in spinach was reduced 
due to the application of potassium under saline conditions (Kaya et al., 2001).   
 Under saline conditions higher Na+ contents in soybean genotypes (Ajmeri and 
WIliaim-82) could be one of the causes of its sensitivity to salt stress, whereas more potassium 
contents in soybean genotypes (No. 62 and No.13) must have contributed towards its selective 
tolerance to salt stress. This may be due to the mechanism of  higher selectivity of K+ over Na+ 
of salt tolerant genotypes also related to (Carden et al., 2003) in barley plants that absorb more 
K+ by better loading of K+ instead of Na+ by maintaining lower Na+/K+ ratio as compared to 
salt sensitive soybean genotypes. Numerous studies had shown that potassium application 
alleviated the adverse effects of Na+ and enhanced K+ uptake in various crops e.g. cucumber 
and pepper (Kaya et al., 2001), maize (Abbasi et al., 2014), olive (Chartzoulakis et al., 2006) 
and juvenile mulloway (Doroudi et al., 2006) and reducedd Na+/K+ ratio under salt stress 
(Carden et al., 2003; Rejili et al., 2007). Na+/K+ ratio was lower in salt tolerant soybean 
genotypes as compared to salt sensitive genotypes.   
It is commonly known as that higher photosynthetic rate leads to increased plant growth in 
many crop plants while reduction in plant photosynthetic rate under salt stress take place as a 
result of closing of stomata which reduced leaf transpiration rate and leaf internal CO2 
concentration.  
 In the present study, salt stress significantly reduced significantly the photosynthetic 
rate (A), transpiration rate (E) stomatal conductance (gs), and internal CO2 concentration (Ci) 
in all soybean genotypes. But application of potassium improved these photosynthetic 
parameters in salt tolerant soybean genotypes as well as salt sensitive especially at 9 mM 
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potassium level at 6 mM NaCl stress. For dry matter production excellent photosynthetic 
mechanism in crop plants is the key factor. In the current study, different concentrations of K+ 
enhanced stomatal conductance and interacellular CO2 concentration mainly in the salt-tolerant 
soybean genotypes but also in salt sensitive genotypes.  
 For controlling photosynthetic rate and water balance of plants stomatal regulation is 
a main factor under salt stress (Athar and Ashraf, 2005; Dubey, 2005). For maintaining tissue 
water balance under salt stress, K+ plays role of major osmoticum in vacuole (Marschner and 
Rimmington, 1996). Stomatal regulation mainly governed by the distribution of K+ in guard 
cells and leaf apoplast (Shabala et al., 2002). Under low level of K+ deficiency, stomatal 
constraint is the main factor affecting the photosynthetic capacity of plants, while under high 
K+ deficiency metabolic constraint become a dominant limiting factor (Bednarz et al., 1998). 
Photosynthetic rate of plants reduced due to low amount of potassium in leaf as a result of low 
K+ availability in soil solution (Basile et al., 2003).  
 Salinity stress impairs K+ uptake in plants and deficiency of K+ might be a contributor 
factor for the production of reactive oxygen species which causes oxidative stress and cell 
damage due to impairment in stomata regulation, conversion of light energy into chemical 
energy, phloem transport of photoassimilates from leaves into sink organs and photosynthetic 
CO2 fixation is limited (Cakmak, 2005; Degl’Innocenti et al., 2009). Superoxide radicals 
produced during photosynthesis due to direct electron transfer to oxygen, resulting in the 
production of H2O2 (Mittler, 2002). Antioxidant enzyme CAT and POD regulate the 
intercellular level of H2O2 (Willekens et al., 1995; Foyer and Noctor, 2003).   
 In the present study all soybean genotypes showed increment in the activities of SOD, 
CAT and POD at mild salinity but activities of all these enzymes decreased at higher salinity 
stress in all soybean genotypes, representing that genes coding SOD, CAT and POD 
antioxidative enzyme system were up-regulated so as to scavenge ROS in the soybean 
genotypes. On the other hand, potassium application enhanced the SOD, CAT and POD 
activities in salt tolerant soybean genotypes under all the levels of salinity except 120 mM 
NaCl. Accumulation of ROS might have occurred in response to NaCl salt stress which was 
reduced by enhanced SOD, CAT and POD. These findings are also similar to previous findings 
that in plants antioxidant enzyme activities salinity stress are enhanced by the application of 
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potassium (Zheng et al., 2008b; Hafsi et al., 2010; Soleimanzadeh et al., 2010; Heidari and 
Jamshidi, 2011; El-Lethy et al., 2013). The main detoxification of ROS is mediated by CAT 
produced during photosynthesis and by reductive processes such as ascorbate and glutathione 
(Noctor et al., 2002; Foyer and Noctor, 2003).   
 In conclusion, the salt-tolerant soybean genotypes showed a strong affinity for K+ over 
Na+ and exhibited comparatively less reduction in shoot fresh and dry weights, root fresh and 
dry weights, shoot length, root length, leaf area and K+/Na+ ratios because reduction in growth 
of soybean genotypes under salt stress was due to imbalances of  K+ and toxicity of Na+. It is 
evident that salt sensitive soybean genotypes with decreased plant growth, high Na+/K+ ratios, 
poor photosynthetic activities and antioxidant enzymes, is badly- organized to face salt stress 
as compared to salt tolerant genotypes resulting in lower water relations, increased ROS 
production and subsequently lower MSI and chlorophyll content under saline conditions. 
Potassium application increased the activities of antioxidant enzymes, photosynthetic rate, leaf 
area, shoot and root fresh and dry weights in salt tolerant soybean genotypes as compared to 
salt sensitive soybean genotypes suggest that soybean genotypes from different pedigrees are 
differed in some specific mechanisms of salinity tolerance  
STUDY 3  4.3 Evaluation of soybean oil quality by the application of potassium 
during salinity stress  
 Salt tolerant and sensitive soybean genotypes were grown in pot experiment to study 
the morphological, physiological and ionic behaviour of soybean genotypes under salinity 
stress and combine application of potassium sulphate.  Protein and oil quality was measured 
especially to evaluate the effect of potassium sulphate application under saline condition 
because it is the cheapest source of potassium and also easily available for farmers for soil 
application.   
4.3.1   Results   
4.3.1.1   Effects of salt stress and K application on growth parameters  
 The effect of salinity stress on soybean plants growth under different levels of 
potassium was studied in terms of shoot fresh and dry weight, root fresh and dry weights (Table 
4.3.1.). Salt stress (12 dS m-1) caused a significant reduction in shoot fresh and dry weight, root 
fresh and dry weights at all growth stages in all soybean genotypes. Among all treatments the 
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treatment with maximum K dose (9 mM) with 6 dSm-1 salinity stress (NaCl) performed better 
after control and showed maximum shoot fresh weight (31.84 g), shoot dry weight (7.86 g), 
root fresh weight (7.86 g) and root dry weight (1.56 g) in No. 62 followed by No.13 while 
minimum shoot fresh weight (8.77 g), shoot dry weight (2.58 g), root fresh weight (2.58 g) and 
root dry weight (0.42 g) was observed in Ajmeri followed by William82. Salinity stress induced 
reduction in all these growth parameters which was prominent in soybean genotypes. However, 
K application increased all plant growth attributed at all growth stages in all soybean genotypes 
while effective response towards K application was observed in soybean genotypes No. 62. 
Furthermore, 75 kg K ha-1 was found more effective at 6 dS m-1 salinity in countering the 
adverse effect of salinity in all soybean genotypes at all growth stages.  
  
  
  
  
  
  
Table 4.3.1: Effect of salt treatment and K application on plant growth parameter  
Soybean  
Genotypes  
Treatments  Shoot Fresh  
Weight (g)  
Shoot Dry  
Weight (g)  
Root Fresh  
Weight (g)  
Root Dry  
Weight (g)  
No. 62  Control  34.18±0.99  8.32±0.40  8.32±0.27  1.74±0.06  
6 dS m-1 (NaCl)  27.47±0.52 (80)  6.87±0.33 (81)  6.87±0.56 (83)  1.38±0.04 (79)  
12 dS m-1 (NaCl)  22.86±0.63 (67)  5.98±0.17 (67)  5.98±0.31 (72)  1.25±0.07 (72)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  29.34±0.24 (86)  7.46±0.32 (87)  7.46±0.42 (90)  1.49±0.05 (85)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  31.84±0.36 (93)  7.86±0.50 (93)  7.86±0.70 (94)  1.56±0.05 (89)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  24.74±0.80 (72)  6.29±0.24 (71)  6.29±0.20 (76)  1.32±0.04 (76)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  21.12±0.70 (62)  5.54±0.26 (63)  5.54±0.39 (67)  1.16±0.08 (67)  
No. 13  Control  32.08±0.98  7.10±0.22  7.10±0.46  1.64±0.06  
6 dS m-1 (NaCl)  25.09±0.79 (78)  5.66±0.36 (79)  5.66±0.36 (80)  1.25±0.05 (76)  
12 dS m-1 (NaCl)  20.48±0.55 (64)  4.75±0.25 (65)  4.75±0.31 (67)  1.12±0.04 (68)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  26.65±0.53 (83)  6.10±0.35 (85)  6.10±0.39 (86)  1.34±0.05 (82)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  28.50±0.91 (89)  6.53±0.28 (91)  6.53±0.42 (92)  1.43±0.05 (87)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  22.00±0.71 (69)  5.02±0.27 (69)  5.02±0.32 (71)  1.18±0.04 (72)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  19.15±0.79 (60)  4.45±0.25 (60)  4.45±0.34 (63)  1.06±0.04 (64)  
119  
  
William  
82  
Control  30.00±1.78  4.50±0.04  6.58±0.09  1.45±0.10   
6 dS m-1 (NaCl)  10.80±0.64 (36)  1.89±0.09 (42)  2.73±0.18 (41)  0.46±0.03 (32)  
12 dS m-1 (NaCl)  6.52±0.32 (22)  0.95±0.12 (21)  1.33±0.07 (20)  0.27±0.01 (18)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  11.44±0.57 (38)  1.97±0.24 (44)  2.86±0.18 (43)  0.48±0.01 (33)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  11.92±.59 (40)  2.03±0.25 (45)  2.97±0.29 (45)  0.48±0.03 (33)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  6.66±0.33 (22)  0.98±0.22 (22)  1.40±0.02 (21)  0.27±0.01 (19)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  6.32±0.31 (21)  0.91±0.21 (20)  1.21±0.23 (18)  0.24±0.05 (17)  
Ajmeri  Control  29.75±1.25  5.70±0.59  5.70±0.11  1.20±0.11  
6 dS m-1 (NaCl)  18.75±0.34 (27)  2.38±0.17 (38)  2.38±0.25 (42)  0.40±0.04 (33)  
12 dS m-1 (NaCl)  4.55±0.18 (15)  0.94±0.15 (15)  0.94±0.10 (16)  0.19±0.02 (16)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  8.62±0.94 (29)  2.47±0.15 (38)  2.47±0.26 (43)  0.41±0.04 (35)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  8.77±0.30 (30)  2.58±0.30 (39)  2.58±0.27 (45)  0.42±0.03 (35)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  4.65±0.31 (16)  0.98±0.20 (15)  0.98±0.10 (17)  0.19±0.02 (16)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  4.39±0.38 (15)  0.88±0.12 (14)  0.88±0.21 (15)  0.18±0.04 (15)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
4.3.1.2  Effect of salt treatment and K application on shoot length, root length and 
chlorophyll contents of soybean  
 Effect of salinity and potassium on shoot length, root length and chlorophyll contents 
in two salt tolerant soybean genotypes No.62 and No.13 and two salt sensitive soybean 
genotypes Ajmeri and William-82 is given in Tables 3.2. NaCl addition caused significant 
decrease in shoot length, root length as compared to control in all four soybean genotypes 
irrespective of time interval and salinity level. The higher reduction in these parameters was 
observed in salt sensitive soybean genotypes as evaluated with salt tolerant soybean genotypes. 
Maximum shoot and root length (after control) at 6 dS m-1 salt stress (NaCl) with 75 kg ha-1 K 
in No. 62 was (71.88, 16.83 cm) followed by N0. 13 with (68.68, 15.14 cm) while minimum 
was observed in Ajmeri with (37.91, 4.34 cm) followed by William-82 with (42.85, 6.15) 
(Table. 4.3.2). However, potassium application significantly reduced the adverse effects of 
salinity in these plant growth parameters in both salt tolerant soybean genotypes especially at 
higher 75 kg ha-1 K level at 6 dS m-1 but addition of potassium had significant effect on plant 
growth parameters in both salt sensitive soybean genotypes except chlorophyll contents.   
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4.3.1.3 Effect of salt stress and K application on leaf area, relative water contents and 
membrane stability index of soybean genotypes  
  
 Leaf area, relative water contents and membrane stability index reduction was 
observed in all soybean genotypes in response to induced salinity (60 and 120 mM NaCl) levels 
(Table. 4.3.3). Among all the treatments which were applied, reduction was extreme in pots 
which were applied with mixed application of K and NaCl (K 75 kg ha-1 + 6 dS m-1 NaCl). In 
response of treatment 6 dS m-1 NaCl induced salinity with 9mM K application No. 62 exhibited 
percent of control 94. 99 and 97% followed by No. 13 with 91, 95 and 96% while Ajmeri 
showed 63, 81, 80% followed by William-82 with 67, 83 and 83% in leaf area, relative water 
contents and membrane stability index respectively. Reduction was more in soybean genotypes 
having poor tolerance to salinity (Ajmeri and William-82) than tolerant genotypes (No. 62 and 
No. 13). Potassium sulphate application was better for plants in handling adverse effects of 
salinity. Plants showed significant improvement in leaf area, relative water contents and 
membrane stability index in response to K supplementation and the level of improvement was 
better in salt tolerant genotypes than salt sensitive. The response of K application along with 
12 dS m-1 NaCl was either minimal or negative in all soybean genotypes.  
Table 4.3.2   Effect of salt treatment and K application on shoot length and chlorophyll 
contents of soybean  
Soybean  
Genotypes  
Treatments  Shoot Length  
(cm)  
Root Length  
(cm)  
Chlorophyll  
Contents (SPAD)  
No. 62  Control  82.27±2.65  17.84±1.03  37.08±0.72  
6 dS m-1 (NaCl)  64.17±3.29 (78)  15.06±0.87 (84)  35.76±0.69 (96)  
12 dS m-1 (NaCl)  53.87±1.73 (65)  11.83±1.51 (66)  31.98±0.62 (86)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  68.67±2.21 (83)  16.08±0.92 (90)  36.19±0.70 (98)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  71.88±1.35 (87)  16.83±0.97 (94)  36.39±0.99 (98)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  56.57±1.04 (69)  12.57±0.72 (70)  32.33±1.20 (87)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  50.87±1.75 (62)  11.11±1.31 (62)  31.61±0.61 (85)  
No. 13  Control  79.75±1.88  16.20±0.70  36.64±0.86  
6 dS m-1 (NaCl)  60.16±2.06 (75)  13.38±0.58 (83)  34.59±0.81 (94)  
12 dS m-1 (NaCl)  48.85±2.50 (61)  10.61±0.65 (66)  30.89±0.72 (84)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  65.35±1.54 (82)  14.18±0.61 (88)  34.85±0.82 (95)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  68.68±1.61 (86)  15.14±0.51 (93)  35.25±2.03 (96)  
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12 dS m-1 (NaCl)+ 50 kg ha-1 K  52.05±1.22 (65)  11.32±0.49 (70)  31.14±0.93 (85)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  46.11±1.08 (58)  10.09±0.85 (62)  30.66±0.72 (84)  
William  
82  
Control  72.25±1.55  14.00±1.08  32.78±1.16  
6 dS m-1 (NaCl)  39.75±1.10 (55)  5.85±0.33 (42)  27.88±0.99 (85)  
12 dS m-1 (NaCl)  26.35±1.91 (36)  4.17±0.23 (30)  25.23±0.89 (77)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  42.49±2.82 (57)  6.02±0.34 (43)  28.05±0.99 (86)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  42.85±0.99 (60)  6.15±0.35 (44)  28.19±1.49 (86)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  26.93±0.75 (37)  4.35±0.25 (31)  25.38±1.87 (77)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  25.80±0.72 (36)  4.06±0.23 (29)  25.12±0.89 (77)  
Ajmeri  Control  70.75±1.25  13.25±0.85  32.09±1.45  
6 dS m-1 (NaCl)  35.97±0.76 (51)  4.14±0.30 (31)  27.03±1.22 (84)  
12 dS m-1 (NaCl)  23.53±0.50 (33)  2.95±0.41 (22)  24.51±1.10 (76)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  37.19±0.79 (53)  4.27±0.37 (32)  27.28±1.23 (85)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  37.91±2.01 (54)  4.34±0.31 (33)  27.40±0.76 (85)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  24.16±1.56 (34)  3.01±0.22 (23)  24.61±1.22 (77)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  22.56±2.12 (32)  2.89±0.71 (22)  24.37±1.10 (76)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
Table 4.3.3  Effect of salt treatment and K application on leaf area, relative water contents 
and membrane stability index of soybean  
Soybean  
Genotypes  
Treatments  Leaf Area (cm2)   Relative Water  
Contents (%)  
Membrane  
Stability Index  
(%)  
No. 62  Control  661.95±3.15  81.10±2.26  74.96±2.35  
6 dS m-1 (NaCl)  520.75±2.48 (79)  72.91±2.03 (90)  69.56±0.55 (93)  
12 dS m-1 (NaCl)  435.10±2.07 (66)  67.97±1.89 (84)  63.93±2.00 (85)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  563.58±2.68 (85)  76.00±2.12 (94)  71.48±0.98 (95)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  619.45±2.95 (94)  80.18±2.23 (99)  73.02±2.29 (97)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  482.69±2.29 (73)  69.87±1.06 (86)  64.84±0.99 (86)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  405.44±4.02 (61)  65.37±1.82 (81)  62.56±1.96 (83)  
No. 13  Control  646.88±3.66  80.71±1.09  74.68±2.03   
6 dS m-1 (NaCl)  492.99±2.79 (76)  71.53±0.97 (89)  68.51±1.86 (92)  
12 dS m-1 (NaCl)  408.31±2.31 (63)  65.58±0.89 (81)  62.92±1.71 (84)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  533.29±3.02 (82)  74.59±1.01 (92)  70.36±1.91 (94)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  585.68±3.31 (91)  76.86±1.04 (95)  71.93±1.95 (96)  
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12 dS m-1 (NaCl)+ 50 kg ha-1 K  455.21±2.58 (70)  67.26±0.58 (83)  64.23±1.18 (86)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  377.39±2.14 (58)  63.29±2.62 (78)  61.37±1.67 (82)  
William 82  Control  591.43±3.67  76.67±2.01  69.63±1.74  
6 dS m-1 (NaCl)  351.25±2.18 (59)  61.69±1.62 (80)  55.90±1.40 (80)  
12 dS m-1 (NaCl)  207.95±1.29 (35)  49.40±1.30 (64)  43.03±1.08 (62)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  367.04±2.28 (62)  63.27±1.66 (83)  56.69±1.42 (81)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  397.67±2.47 (67)  63.76±0.78 (83)  57.72±2.38 (83)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  212.03±3.56 (36)  49.80±2.03 (65)  43.43±1.09 (62)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  199.32±4.05 (34)  48.47±1.27 (63)  42.73±1.07 (61)  
Ajmeri  Control  580.36±2.35  76.73±1.63  69.05±2.01  
6 dS m-1 (NaCl)  332.37±1.35 (57)  59.98±1.28 (78)  53.52±1.56 (78)  
12 dS m-1 (NaCl)  187.51±0.76 (32)  47.66±0.75 (62)  41.20±1.97 (60)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  344.09±1.39 (59)  61.69±1.31 (80)  54.70±2.20 (79)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  368.06±1.49 (63)  62.35±2.04 (81)  55.35±0.94 (80)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  194.18±3.71 (33)  48.39±1.03 (63)  41.80±0.93 (61)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  180.51±2.57 (31)  47.10±1.00 (61)  40.82±1.19 (59)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
4.3.1.4  Effect of salt treatment and K application on gas exchange parameters  
 All the gas exchange parameters were reduced in response to NaCl induced salinity. 
Reduction was higher at maximum salinity while application of potassium was helpful in 
improving salt tolerance (Table. 4.3.4). The response of potassium was comparatively less with 
12 dS m-1 salt stress (NaCl) than with 6 dS m-1 salt stress (NaCl).  While maximum reduction 
in all the four soybean genotypes were recorded at 75 kg ha -1 K with 12 dS m-1 (NaCl) 
combined application. Soybean genotype No. 62 showed percent of control 87, 90, 98 and 94% 
followed by No. 13 with 82, 88, 97 and 93% while Ajmeri showed 56, 61, 74 and 71% followed 
by William-82 with 59, 63, 77 and 70% in photosynthesis rate, transpiration rate, stomatal 
conductance and intercellular CO2 Conc. respectively in combined application of 6 dS m-1 salt 
stress with 75 kg ha-1 K. The response of all the soybean genotypes was different due to their 
different genetic potential of salinity tolerance. No. 62 followed by No. 13 showed less 
reduction in gas exchange parameters in response to salinity as compared with Ajmeri and 
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William-82. Plants growing under induced salt stress when were given dose of K responded 
with significant improvement in gas exchange parameters. Improvement was more at higher 
level of K. Better recovery in response to potassium application was observed at 60 mM NaCl 
and recovery was minimal or even negative at 120 mM NaCl.  
4.3.1.5 Effect of salinity and K applications on leaf and root contents of Na+ (mg g-1 DW), 
K+ (mg g-1DW) and Na+/K+ ratio  
 Considerable differences were observed for concentrations of Na+, K+, and K+/Na+ ratio in the 
leaves and roots of soybean plants (Table 4.3.5 and Table. 4.3.6). Concentration of Na+ differed 
significantly between control and 12 dS m-1 salt stress (NaCl). By increasing salinity, a 
significant increase in Na+ concentration was observed in all soybean genotypes. The lowest 
Na+ concentrations were observed in soybean genotypes No. 62 and the highest in soybean 
genotypes Ajmeri at all salinity levels. The trend in case of potassium concentration was almost 
opposite, showing decreased K+ concentration in all four soybean genotypes. However, this 
decrease in potassium was more prominent in salt sensitive soybean genotypes as compared to 
salt tolerant soybean genotypes. Soybean genotype No. 62 performed better as it maintained 
high level of K+ at all the salinity levels in comparison to the other three soybean genotypes. 
The increasing uptake of Na+ with increase in the salinity   
Table 4.3.4   Effect of salt treatment and K application on photosynthetic rate (A), 
transpiration rate (E), stomatal conductance (Gs), intracellular CO2 concentration (Ci) of 
Soybean  
Soybean 
Genotypes  
Treatments  Photosynthesis  
Rate (A) (µmol  
CO2 m-2 s-1)  
Transpiration  
Rate (E)  
(mmol H2O  
m-2 s-1  
Stomatal  
Conductance  
(gs) (mol m-2 s-1)  
Intercellular CO2 
Conc. (Ci) (µmol 
mol-1)  
No. 62  Control  20.52±0.56  4.38±0.35  0.26±0.01  252.45±2.81  
6 dS m-1 (NaCl)  15.15±0.41 (74)  3.29±0.26 (75)  0.22±0.05 (85)  209.53±2.33 (83)  
12 dS m-1 (NaCl)  12.59±0.34 (61)  2.63±0.21 (60)  0.19±0.03 (72)  159.04±1.77 (63)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  16.73±0.45 (82)  3.59±0.29 (82)  0.24±0.01 (92)  227.21±2.53 (90)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  17.94±1.03 (87)  3.94±0.31 (90)  0.25±0.04 (98)  237.30±2.64 (94)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  13.40±0.36 (65)  3.07±0.24 (70)  0.20±0.01 (78)  176.72±1.97 (70)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  11.80±0.67 (57)  2.45±0.19 (56)  0.17±0.01 (66)  156.52±1.74 (62)  
No. 13  Control  19.82±0.66  4.12±0.67  0.25±0.03  249.40±2.39  
6 dS m-1 (NaCl)  14.20±0.96 (72)  3.09±0.51 (75)  0.21±0.02 (83)  204.51±1.96 (82)  
12 dS m-1 (NaCl)  11.74±0.39 (59)  2.31±0.38 (56)  0.17±0.01 (70)  164.60±1.58 (66)  
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6 dS m-1 (NaCl)+ 50 kg ha-1 K  15.36±0.51 (77)  3.34±0.55 (81)  0.22±0.02 (90)  219.47±2.10 (88)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  16.27±0.92 (82)  3.62±0.59 (88)  0.24±0.02 (97)  231.94±2.22 (93)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  12.55±0.42 (63)  2.59±0.43 (63)  0.19±0.02 (77)  174.58±3.12 (70)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  10.97±0.36 (55)  2.14±0.35 (52)  0.16±0.02 (64)  154.63±1.48 (62)  
William 82  Control  16.58±0.37  2.83±0.24  0.20±0.02  228.83±3.23  
6 dS m-1 (NaCl)  9.14±0.66 (55)  1.67±0.14 (59)  0.14±0.01 (69)  153.31±2.17 (67)  
12 dS m-1 (NaCl)  6.11±0.14 (37)  1.16±0.10 (41)  0.10±0.03 (50)  107.55±1.52 (47)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  9.52±0.21 (57)  1.75±0.15 (62)  0.15±0.02 (74)  157.89±2.23 (69)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  9.71±1.04 (59)  1.78±0.32 (63)  0.15±0.01 (77)  160.18±2.26 (70)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  6.21±0.34 (37)  1.20±0.11 (42)  0.10±0.01 (53)  109.84±1.55 (48)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  5.81±0.13 (35)  1.07±0.09 (38)  0.09±0.01 (46)  105.26±1.49 (46)  
Ajmeri  Control  16.07±0.52  2.66±0.26  0.20±0.04  226.35±3.86  
6 dS m-1 (NaCl)  8.57±0.53 (53)  1.46±0.15 (55)  0.13±0.02 (66)  151.11±4.07 (67)  
12 dS m-1 (NaCl)  5.35±0.17 (33)  1.11±0.11 (42)  0.09±0.02 (47)  103.56±1.93 (46)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  8.86±0.73 (55)  1.57±0.16 (59)  0.14±0.02 (70)  152.23±3.28 (67)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  9.01±0.29 (56)  1.62±0.17 (61)  0.14±0.03 (74)  159.60±4.62 (71)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  5.48±0.81 (34)  1.13±0.25 (42)  0.10±0.02 (50)  106.38±1.82 (47)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  5.16±0.17 (32)  1.04±0.10 (39)  0.08±0.02 (43)  99.59±1.70 (44)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
Table 4.3.5 Effect of salt treatment and K application on leaf K+, Na+ (mg g-1) and K+/Na+ 
ratio of soybean  
Soybean  
Genotypes  
Treatments  Na+ concentration  
(mg g-1DW)  
K+ concentration  
(mg g-1DW)  
Na+ /K+  
No. 62  Control  1.43±0.07  32.16±1.06  0.04±0.01  
6 dS m-1 (NaCl)  1.95±0.10 (136)  25.73±0.85 (80)  0.08±0.01 (170)  
12 dS m-1 (NaCl)  2.71±0.14 (189)  20.58±0.68 (64)  0.13±0.02 (295)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  1.63±0.08 (114)  27.66±0.91 (86)  0.06±0.01 (133)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  1.49±0.08 (104)  28.95±1.09 (90)  0.05±0.01 (116)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  2.58±0.13 (180)  21.87±0.72 (68)  0.12±0.01 (265)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  2.88±0.15 (201)  18.97±0.63 (59)  0.15±0.02 (341)  
No. 13  Control  1.48±0.05  31.62±1.20  0.05±0.01  
6 dS m-1 (NaCl)  2.03±0.07 (137)  24.66±1.69 (78)  0.08±0.02 (178)  
12 dS m-1 (NaCl)  3.07±0.10 (207)  19.28±1.32 (61)  0.16±0.01 (344)  
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6 dS m-1 (NaCl)+ 50 kg ha-1 K  1.82±0.06 (123)  26.55±1.82 (84)  0.07±0.01 (148)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  1.69±0.06 (114)  28.14±0.90 (89)  0.06±0.01 (128)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  2.93±0.10 (198)  20.55±1.41 (65)  0.15±0.01 (308)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  3.24±0.11 (219)  17.70±1.21 (56)  0.19±0.02 (396)  
William 82  Control  1.77±0.05  27.59±1.96  0.06±0.01  
6 dS m-1 (NaCl)  3.74±0.10 (211)  17.38±1.23 (63)  0.22±0.01 (335)  
12 dS m-1 (NaCl)  5.46±0.15 (308)  11.31±0.80 (41)  0.49±0.03 (751)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  3.60±0.10 (203)  17.93±1.27 (65)  0.20±0.01 (312)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  3.49±0.09 (197)  18.76±1.33 (68)  0.19±0.01 (290)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  5.37±0.14 (303)  11.59±0.82 (42)  0.47±0.03 (721)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  5.55±0.15 (313)  10.76±0.76 (39)  0.52±0.03 (803)  
Ajmeri  Control  1.82±0.04  26.97±1.03  0.07±0.01  
6 dS m-1 (NaCl)  4.07±0.08 (224)  16.45±0.63 (61)  0.25±0.01 (367)  
12 dS m-1 (NaCl)  5.85±0.11 (322)  9.97±0.60 (37)  0.59±0.04 (877)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  3.94±0.08 (217)  16.99±0.65 (63)  0.23±0.01 (344)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  3.85±0.08 (212)  17.52±0.93 (65)  0.22±0.01 (328)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  5.78±0.11 (318)  10.25±0.39 (38)  0.57±0.03 (837)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  5.94±0.12 (327)  9.70±0.74 (36)  0.62±0.05 (921)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
Table 4.3.6  Effect of salt treatment and K application on root K+, Na+ (mg g-1DW) and 
K+/Na+ ratio soybean  
Soybean  
Genotypes  
Treatments  Na+ concentration  
(mg g-1DW)  
K+ concentration  
(mg g-1DW)  
Na+ /K+  
No. 62  Control  5.29±0.34  24.87±1.55  0.21±0.02  
6 dS m-1 (NaCl)  7.83±0.50 (148)  21.88±1.36 (88)  0.36±0.03 (168)  
12 dS m-1 (NaCl)  10.74±0.69 (203)  19.65±1.22 (79)  0.55±0.04 (257)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  6.72±0.43 (127)  23.13±1.44 (93)  0.29±0.02 (137)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  5.98±0.38 (113)  24.12±1.50 (97)  0.25±0.02 (116)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  10.11±0.65 (191)  20.39±1.27 (82)  0.50±0.04 (233)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  11.54±0.74 (218)  18.65±1.16 (75)  0.62±0.05 (291)  
No. 13  Control  5.43±0.42  24.63±2.09  0.22±0.01  
6 dS m-1 (NaCl)  8.74±0.67 (161)  21.42±1.82 (87)  0.41±0.02 (185)  
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12 dS m-1 (NaCl)  11.72±0.90 (216)  19.21±1.63 (78)  0.61±0.03 (277)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  7.92±0.61 (146)  22.41±1.90 (91)  0.36±0.02 (160)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  7.11±0.55 (131)  23.39±1.98 (95)  0.31±0.02 (138)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  11.12±0.85 (205)  19.95±1.69 (81)  0.56±0.06 (253)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  12.43±0.95 (229)  18.22±1.55 (74)  0.69±0.08 (309)  
William 82  Control  6.30±0.59  22.00±0.60  0.28±0.02  
6 dS m-1 (NaCl)  15.56±1.47 (247)  14.96±0.41 (68)  1.03±0.07 (363)  
12 dS m-1 (NaCl)  20.48±1.93 (325)  12.76±0.35 (58)  1.60±0.11 (560)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  14.87±1.40 (236)  15.62±0.43 (71)  0.95±0.06 (332)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  14.36±1.35 (228)  16.28±1.06 (74)  0.88±0.03 (308)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  20.03±1.89 (318)  12.98±0.91 (59)  1.54±0.06 (540)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  21.04±1.98 (334)  12.32±0.66 (56)  1.70±0.08 (596)  
Ajmeri  Control  6.36±1.21  21.62±1.71  0.29±0.04  
6 dS m-1 (NaCl)  16.46±3.14 (259)  14.06±1.11 (65)  1.15±0.17 (398)  
12 dS m-1 (NaCl)  21.61±4.12 (340)  11.68±0.92 (54)  1.82±0.26 (630)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  15.89±3.03 (250)  14.70±1.16 (68)  1.07±0.15 (368)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  15.45±2.95 (243)  15.18±0.56 (70)  1.00±0.16 (346)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  21.23±4.05 (334)  12.13±0.33 (56)  1.73±0.30 (597)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  22.12±4.22 (348)  11.46±0.90 (53)  1.90±0.28 (657)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
levels resulted in increase of Na+/K+ ratio (Table. 4.3.5 and Table. 4.3.6). The highest 
potassium concentration at high salinity level resulted in maintaining higher K+/Na+ ratio in 
soybean genotypes No. 62, showing better performance under saline conditions. Addition of 
potassium in pots significantly decreased Na+/K+ ratio in all soybean genotypes.  The response 
of potassium in decreasing Na concentration was comparatively less with 12 dS m-1 salt stress 
(NaCl) as compared to 6 dS m-1 salt stress (NaCl).   
4.3.1.6  Effects of salt stress and K application on antioxidants  
 Significant reduction in the activity of antioxidant enzymes was observed under 
induced salt stress (NaCl). The activity of SOD was significantly increased in salt tolerant 
soybean genotypes (No. 62, No.13) but no significant improvement was observed in salt 
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sensitive soybean genotypes (Ajmeri, William-82) at 6 dS m-1 salt stress alone and in 
combination of K. Soybean genotype No. 62 showed percent of control values 139, 129, and 
119% followed by No.13 with 133, 134 and 120% while Ajmeri showed 119, 107 and 112 
followed by William-82 with 127, 117 and 113% in SOD, POD and CAT activities in salinity 
level 6 dS m-1 with 75 kg ha-1 K. (Table. 4.3.7). At high salinity level, SOD activity decrease 
in all four soybean genotypes as compared to control. POD and CAT activities are markedly 
improved at low salinity stress but significantly decreased at high salinity stress level as 
compared to control in all four soybean genotypes. At low salinity stress, improvement in CAT 
and POD activities was high but reduction at high salinity level was less in salt tolerant soybean 
genotypes as compared to salt sensitive soybean genotypes. Addition of K+ significantly 
improved CAT activity at both salinity and K+ levels in salt tolerant soybean genotypes. 
Marked increase in SOD and POD activities were observed in salt tolerant soybean genotypes 
at low salinity level at high potassium level (75 kg ha-1 K). No significant effect of K+ on SOD, 
POD and CAT activities were observed in salt sensitive soybean genotypes.  
  
  
  
  
  
  
  
Table 4.3.7   Effect of salt treatment and K application on Superoxide Dismutase (SOD), 
Peroxidase (POD) and Catalase (CAT) of soybean  
Soybean  
Genotypes  
Treatments  SOD (unit mg-1 of 
protein)  
POD (unit mg-1 of 
protein)  
CAT (unit mg-1 of 
protein)  
No. 62  Control  51.43±1.04  70.75±0.85  10.23±0.73  
6 dS m-1 (NaCl)  62.11±1.06 (121)  82.57± (117)   9.82±0.70 (96)  
12 dS m-1 (NaCl)  54.75±0.87 (106)  66.71± (94)  8.38±0.60 (82)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  67.31±0.71 (131)  89.63± (127)  11.45±0.82 (112)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  71.52±0.72 (139)  91.39± (129)  12.17±0.87 (119)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  55.81±0.90 (109)  69.26± (98)  8.69±0.62 (85)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  49.87±1.25 (97)  61.44± (87)  8.03±0.31 (79)  
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No. 13  Control  49.27±1.18  67.75±1.11  9.58±0.22  
6 dS m-1 (NaCl)  58.51±0.26 (119)  75.64±0.60 (112)  9.00±0.20 (94)  
12 dS m-1 (NaCl)  51.38±0.90 (104)  59.58±1.42 (88)  7.85±0.18 (82)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  63.52±1.72 (129)  86.78±0.89 (128)  10.53±0.24 (110)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  65.64±1.16 (133)  91.07±2.28 (134)  11.49±0.26 (120)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  52.50±0.89 (107)  62.18±1.05 (92)  8.23±0.19 (86)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  47.31±0.85 (96)  56.75±1.38 (84)  7.21±0.14 (75)  
William 82  Control  40.17±0.81  45.25±1.11  7.45±0.15  
6 dS m-1 (NaCl)  45.04±0.68 (112)  49.67±1.66 (110)  7.65±0.10 (103)  
12 dS m-1 (NaCl)  39.15±0.52 (97)  37.62±1.24 (83)  5.07±0.10 (68)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  47.62±0.73 (119)  47.62±2.46 (105)  8.12±0.16 (109)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  50.82±1.09 (127)  52.86±0.80 (117)  8.42±0.17 (113)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  39.78±1.70 (99)  37.84±1.50 (84)  5.14±0.10 (69)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  36.24±1.03 (90)  34.67±1.11 (77)  4.77±0.12 (64)  
Ajmeri  Control  37.09±0.88  44.25±1.11  6.55±0.13  
6 dS m-1 (NaCl)  40.97±1.08 (110)  46.82±1.30 (106)  6.87±0.12 (105)  
12 dS m-1 (NaCl)  35.51±0.87 (96)  30.91±0.99 (70)  4.39±0.09 (67)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  42.62±1.03 (115)  46.23±2.07 (104)  7.07±0.14 (108)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  44.29±0.89 (119)  47.26±1.41 (107)  7.34±0.15 (112)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  36.92±0.64 (100)  34.76±1.53 (79)  4.52±0.09 (69)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  33.38±0.73 (90)  28.78±0.65 (65)  4.13±0.08 (63)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
4.3.1.7 Effect of salt treatment and K application on fatty acids composition of soybean 
genotypes  
 All the soybean genotypes responded differently in response to salinity. All the fatty 
acids in soybean seeds were affected significantly produced under control and saline 
conditions. Salinity stress caused a significant increase in oleic acids (C18:1), while significant 
decrease in linoleic acids (C18:2) and linolinic acids (C18:3). There was a negative relation 
between oleic acid and linoleic acid in saline and non-saline conditions. Means of fatty acids 
composition of soybean genotypes grown under saline and non-saline conditions are shown in 
Table 8. Palmitic acids grown under all treatments ranged from about 6.11-7.2%. Oleic acid 
and linoleic acid together contained about 90%, stearic and palmitic acid contained about 9% 
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of total fatty acids contents. Stearic acid ranged from 2.043.10. Application of potassium was 
helpful in improving unsaturated fatty acids of all genotypes of soybean. But the response of 
potassium was less with highest level in 12 dS m-1 salt stress (NaCl) (Table. 4.3.8).  
4.3.1.8   Effect of salt treatment and K application on protein and oil contents of soybean  
  
 Protein and oil contents of soybean genotypes increased under saline and nonsaline 
conditions with progressing seed development. Maximum protein and oil contents were 
achieved under non-saline conditions while reduction was more at more salinity. Application 
of potassium was helpful in improving the protein and oil contents of all soybean genotypes 
but minimum improvement was recorded in highest salinity level with maximum dose of K. 
Although both protein and oil contents decreased with increasing salinity (NaCl). Soybean 
genotype No. 62 showed percent of control (95, 97%) followed by No. 13 with 95, 96% while 
Ajmeri showed 85, 89% followed by William-82 with 88, 92% in protein and oil contents 
respectively in treatment with combination of salinity 6 dS m-1 and 75 kg ha-1 K as compared 
to control (Table. 4.3.9).  
  
  
  
  
Table. 4.3.8  Effect of salt treatment and K application on fatty acids composition of soybean  
Soybean 
Genotypes  
Treatments  Linoleic Acid 
(C18:2)  
Linolinic  
Acid (C18:3)  
Oleic Acid 
(C18:1)  
Palmitic  
Acid (C16:0)  
Stearic Acid 
(C18:0)  
No. 62  
Control  73.76±0.02  0.42±0.01  16.17±0.03  7.18±0.03  2.48±0.02  
6 dS m-1 (NaCl)  72.72±0.01  
(99)  
0.40±0.01  
(96)  
17.12±0.01  
(106)  
7.17±0.01  
(100)  
2.60±0.01  
(105)  
12 dS m-1 (NaCl)  71.18±0.03  
(97)  
0.35±0.02  
(84)  
18.66±0.02  
(115)  
7.20±0.03  
(100)  
2.61±0.02  
(105)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  72.71±0.02  
(99)  
0.40±0.01  
(97)  
17.26±0.01  
(107)  
7.09±0.02  
(99)  
2.54±0.01  
(103)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  74.85±0.02  
(101)  
0.44±0.02  
(105)  
16.15±0.02  
(100)  
6.35±0.02  
(88)  
2.21±0.01  
(89)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  71.70±0.14  
(97)  
0.41±0.02  
(98)  
17.29±0.04  
(107)  
7.82±0.04  
(109)  
2.79±0.07  
(112)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  71.20±0.03  
(97)  
0.34±0.01  
(82)  
18.72±0.02  
(116)  
7.23±0.03  
(101)  
2.51±0.02  
(101)  
No. 13  
Control  76.94±0.51  0.46±0.01  12.80±0.21  6.67±0.03  3.14±0.02  
6 dS m-1 (NaCl)  73.33±0.07  
(95)  
0.42±0.02  
(92)  
16.25±0.02  
(127)  
6.77±0.01  
(102)  
3.24±0.08  
(103)  
12 dS m-1 (NaCl)  72.77±0.38  
(95)  
0.24±0.02  
(52)  
17.23±0.14  
(135)  
6.71±0.02  
(101)  
3.06±0.27  
(97)  
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6 dS m-1 (NaCl)+ 50 kg ha-1 K  74.77±0.05  
(97)  
0.22±0.01  
(48)  
16.30±0.02  
(127)  
6.11±0..03  
(92)  
2.60±0.06  
(83)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  75.16±0.05  
(98)  
0.31±0.01  
(67)  
16.27±0.01  
(127)  
6.23±0.07  
(93)  
2.04±0.07  
(65)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  73.36±0.09  
(95)  
0.27±0.02  
(60)  
16.78±0.09  
(131)  
7.15±0.01  
(107)  
2.44±0.02  
(78)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  71.80±0.29  
(93)  
0.21±0.03  
(45)  
19.23±0.02  
(150)  
6.23±0.03  
(93)  
2.53±0.29  
(81)  
William 82  
Control  76.87±0.25  0.39±0.02  12.60±0.25  7.20±0.20  2.94±0.03  
6 dS m-1 (NaCl)  72.13±0.01  
(94)  
0.33±0.01  
(83)  
17.58±0.05  
(140)  
6.87±0.25  
(95)  
3.10±0.25  
(105)  
12 dS m-1 (NaCl)  70.17±0.14  
(91)  
0.26±0.03  
(66)  
19.55±0.26  
(155)  
7.23±0.04  
(100)  
2.79±0.12  
(95)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  72.60±0.04  
(94)  
0.38±0.01  
(96)  
17.18±0.02  
(136)  
7.03±0.02  
(98)  
2.82±0.01  
(96)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  72.78±0.02  
(95)  
0.39±0.01  
(99)  
17.15±0.05  
(136)  
7.05±0.05  
(98)  
2.64±0.03  
(90)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  70.36±0.01  
(92)  
0.30±0.01  
(77)  
19.03±0.03  
(151)  
7.33±0.01  
(102)  
2.99±0.01  
(102)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  68.95±0.1  
(90)  
0.21±0.01  
(53)  
20.23±0.13  
(161)  
7.64±0.15  
(106)  
2.98±0.18  
(101)  
Ajmeri  
Control  76.36±0.24  0.34±0.02  13.10±0.24  7.20±0.02  3.00±0.01  
6 dS m-1 (NaCl)  72.14±0.01  
(94)  
0.31±0.01  
(91)  
17.63±0.02  
(135)  
7.20±0.25  
(96)  
3.06±0.26  
(102)  
12 dS m-1 (NaCl)  70.17±0.13  
(92)  
0.22±0.02  
(63)  
20.00±0.04  
(153)  
6.88±0.02  
(99)  
2.49±0.11  
(83)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  72.50±0.07  
(95)  
0.34±0.01  
(99)  
17.20±0.03  
(131)  7.13±.05 (99)  
2.84±0.01  
(95)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  72.73±0.02  
(95)  
0.34±0.01  
(100)  
17.23±0.04  
(132)  
7.13±0.05  
(98)  2.66±0.2 (89)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  70.35±0.01  
(92)  
0.30±0.02  
(87)  
19.03±0.03  
(145)  
7.05±0.01  
(102)  
2.99±0.01  
(100)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  68.85±0.05  
(90)  
0.20±0.01  
(59)  
20.43±0.03  
(156)  
7.34±0.15  
(106)  
2.88±0.19  
(96)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
Table 4.3.9   Effect of salt treatment and K application on protein and oil contents of 
soybean  
Soybean  
Genotypes  
Treatments  Protein (% DM)  Oil (% DM)  
No. 62  Control  45.56±0.74  19.01±0.62  
6 dS m-1 (NaCl)  40.21± (88)  18.06±0.59 (95)  
12 dS m-1 (NaCl)  34.74± (76)  17.11±0.56 (90)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  42.10± (92)  18.25±0.60 (96)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  43.34± (95)  18.44±0.60 (97)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  39.37± (86)  17.49±0.57 (92)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  32.06± (70)  16.92±0.55 (89)  
No. 13  Control  44.56±1.28  18.93±0.26  
6 dS m-1 (NaCl)  38.32±1.10 (86)  17.79±0.24 (94)  
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12 dS m-1 (NaCl)  32.97±0.94 (74)  16.84±0.23 (89)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  40.10±1.15 (90)  17.98±0.24 (95)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  42.19±1.06 (95)  18.17±0.25 (96)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  35.93±0.50 (81)  17.22±0.23 (91)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  30.30±0.87 (68)  16.65±0.23 (88)  
William 82  Control  44.90±0.77  17.83±0.35  
6 dS m-1 (NaCl)  35.02±0.60 (78)  16.04±0.31 (90)  
12 dS m-1 (NaCl)  30.09±0.52 (67)  15.15±0.30 (85)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  37.27±0.64 (83)  16.22±0.32 (91)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  39.51±0.68 (88)  16.40±0.32 (92)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  33.68±0.58 (75)  15.33±0.30 (86)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  27.39±0.47 (61)  14.97±0.29 (84)  
Ajmeri  Control  40.21±0.46  17.47±0.35  
6 dS m-1 (NaCl)  30.84±0.85 (77)  15.37±0.31 (88)  
12 dS m-1 (NaCl)  26.22±0.72 (65)  14.50±0.29 (83)  
6 dS m-1 (NaCl)+ 50 kg ha-1 K  32.39±0.89 (81)  15.37±0.31 (88)  
6 dS m-1 (NaCl)+ 75 kg ha-1 K  34.32±0.94 (85)  15.55±0.31 (89)  
12 dS m-1 (NaCl)+ 50 kg ha-1 K  29.30±0.81 (73)  14.67±0.30 (84)  
12 dS m-1 (NaCl)+ 75 kg ha-1 K  23.90±0.66 (59)  14.32±0.29 (82)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control  
  
  
  
4.3.1.9   Discussions Study-3: Evaluation of soybean oil quality by the application of 
potassium during salinity stress  
 For selection of desirable characteristics in plants the genetic differences in plants 
provide a valuable tool in selection of genotypes (Misra and Dwivedi, 2004). The present study, 
all soybean genotypes exposed to different levels of salt stress and potassium application. It is 
observable that all the morphological parameters, physiological and ionic parameters severely 
affected by salt stress (Sairam et al., 2002; Zhu, 2002; Hajer et al., 2006; Chen et al., 2013; 
Abbasi et al., 2014).  Application of potassium significantly improved the plant growth, gas 
exchange parameters, enhancing K+/Na+ ratio and antioxidant activities of all soybean 
genotypes and reduced the harmful effects of salinity (Kaya et al., 2001; Chen et al., 2005; 
Chen, Zhou, et al., 2007; Zheng et al., 2008). The results also proved that soybean genotype 
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No. 62 and No. 13 are relatively more tolerant then soybean genotypes Ajmeri and William-
82 and performed better under potassium application as compared to other genotypes under 
saline and non-saline conditions. Also there was significant reduction of shoot fresh and dry 
weights, root fresh and dry weights, leaf area, MSI, RWC, in all soybean genotypes at all the 
levels of salinity. These results are also similar with previous findings that confirmed salinity 
caused reduction in plant growth and development due to osmotic stress, ion toxicity and low 
cell wall extensibility (Agong et al., 2003; Grieve et al., 2003; Halperin and Lynch, 2003; 
Yurtseven et al., 2003; Hajer et al., 2006; Abbasi, et al., 2015). Application of K+ significantly 
reduced the harmful effects of NaCl stress and improved plant growth and development in 
soybean genotypes. That was practiced to antagonistic effects of K+ with Na+ (Lynch and 
Lauchli, 1985; Abbasi et al., 2014). Likewise, improvement in plant growth, development and 
dry matter production by the addition of potassium was reported in saline soil in different crops 
e.g. rice (Bohra and Doerffling, 1993), maize (Abbasi et al., 2014).  
 Relative water contents is the main parameter in water relations which access the 
degree of tolerance in plant and that were reduced significantly with increasing salt stress 
(Noreen and Ashraf, 2010). In the present study, relative water contents significantly reduced 
by NaCl stress in all soybean genotypes but the reduction was more in salt sensitive genotypes 
(Ajmeri and William-82) as compared to salt tolerant genotypes (No. 62 and No. 13). 
Reduction in RWC under salinity stress in all soybean genotypes confirmed the already 
reported results (Gadallah, 2000; Sairam et al., 2002; Abbasi et al., 2014). Relative water 
contents were improved by the application of potassium under NaCl stress because potassium 
increased the water uptake for maintenance of turgidity in different crops (Subbarao et al., 
2000). Leaf area significantly reduced with increasing salinity stress while increased in all 
soybean genotypes with the application of potassium as also reported by Ayub et al. (2012) in 
cluster beans.   
 Reactive oxygen species production increased under salinity stress which significantly 
decreased membrane stability index in all soybean genotypes. In the present study, MSI 
significantly reduced by salinity stress but application of potassium at higher level (75 kg K 
ha-1) at 6 dS m-1 was found effective in improving MSI in all soybean genotypes under saline 
condition. These results are similar with previous findings in which it was confirmed that 
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application of potassium reduces the ion leakage in different crop plants under saline condition 
(Kaya et al., 2001; Abbasi et al., 2014)   
 It is well recognized that photosynthetic rate of plants is the key factor for growth, 
development and final biomass production. The harmful effects of salinity reduce 
photosynthetic activity significantly by reducing photosynthetic rate (A), transpiration rate (E), 
stomatal conductance (Gs), internal CO2 concentration (Ci) and  chlorophyll contents (Dubey, 
1997; Makela et al., 1999; Chen et al., 2013). Salt stress caused significant reduction in all gas 
exchange parameters in all soybean genotypes but application of K2SO4 improved all gas 
exchange parameters and the best performance was recorded at maximum dose of K at 6 dS m-
1 salinity. Reduction in all gas exchange parameters was higher in salt sensitive soybean 
genotypes in Ajmeri followed by William-82 under saline condition while salt tolerant soybean 
genotypes showed minimum reduction.  The significance of stomatal regulation under salt 
stress in monitoring photosynthetic rate and maintaining water balance of plants has been 
concluded in previous findings (Athar and Ashraf, 2005; Dubey, 2005).  
Reduced stomatal conductance leads to reduction in transpiration rate under saline condition 
(Pinheiro et al., 2008).  
 Salinity stress cause significant reduction in leaf chlorophyll ‘a’ and ‘b’ contents in all 
soybean genotypes. Higher reduction in chlorophyll contents was recorded in soybean 
genotypes Ajmeri and William-82 relative to soybean genotypes No.62 and No.13. These 
results are similar in previous findings that showed reduction in chlorophyll contents in 
sunflower (Akram et al., 2009), maize (Abbasi et al., 2014), wheat (Shahbaz and Ashraf, 2008) 
Reduction in chlorophyll contents all soybean genotypes might have been due to degradation 
of chlorophyll enzymes due to salinity stress (Hernández and Almansa, 2002) and destruction 
of chloroplast structure and related proteins (Singh and Dubey, 1995). Under salinity stress 
potassium is a major osmoticum in vacuole for maintenance of water balance of tissues 
(Marschner and Rimmington, 1996). Stomatal regulation mainly depends upon the 
concentration and distribution of K+ in epidermal cells, guard cells and leaf apoplast (Shabala 
et al., 2002). Under mild deficiency of K+ stomatal confines are the major elements affecting 
the photosynthetic capacity of plants, whereas metabolic elements become a main limiting 
factor under high deficiency of K+ (Bednarz et al., 1998). Deficiency of K+ in leaf leads to 
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reduction in photosynthetic activity due to less availability of K+ in soil solution (Basile et al., 
2003).  
 Salinity stress caused higher concentration of sodium in soybean genotypes Ajmeri 
and William-82 which indicate its sensitivity to salt stress, while more potassium concentration 
in the case of soybean genotype No. 62 and No. 13 must have contributed towards its tolerance 
to salinity stress. The higher K+ uptake of soybean genotype No. 62 may be related to its 
dominant selectivity of K+ over Na+. Carden et al. (2003) also demonstrated that Salt-tolerant 
crop plants accumulated higher amount of K+ over Na+ due to selective uptake of K+ and by a 
preferential loading into xylem of K+ rather than Na+. However, salt-tolerant soybean 
genotypes No. 62 and No. 13  showed strong affinity for K+ over Na+ by retaining lower Na+/K+ 
ratio as compared to salt-sensitive soybean genotypes Ajmeri and William-82. Numerous 
studies had shown that Application of potassium mitigate adverse effects of salinity and 
improved K+ uptake in many crops e.g. cucumber and pepper (Kaya et al., 2001), maize 
(Abbasi et al., 2014), olive (Chartzoulakis et al., 2006), juvenile mulloway (Doroudi et al., 
2006) and reduced the Na+/K+ ratio under salt stress (Carden et al., 2003; Kausar et al., 2014). 
Na+/K+ ratio was lower in salt tolerant soybean genotypes as compared to salt sensitive 
genotypes. It was recommended that the plant’s tolerance is categorized by specifically lower 
Na+/K+ ratio, which may be used as criteria for tolerance or sensitivity in crop plants (Chen, et 
al., 2007). It is clearly indicated that salt tolerant soybean genotypes have not only the 
capability of retaining K+ efficiently in root of plants  but also prevent Na+ accumulation in 
shoots.    
 It is well known that salinity stress caused production of reactive oxygen species that 
cause interacellular damage which leads to reduction of photosynthetic rate (Mittler, 2002; 
Chen et al., 2013). Antioxidant enzymes are well known to protect the cell structures and 
organelles against ROS produced by salinity stress (Reddy et al., 2004). In the present study, 
in all soybean genotypes significant increase in the activities of SOD, POD, and CAT were 
recorded which produced in response to oxidative stress but maximum increment was observed 
with maximum dose of potassium at EC 6 dS m-1.   
 SOD is the main enzyme in scavenging reactive oxygen species considered to be the 
first line of defense against ROS (Hamilton and Heckathorn, 2001) which convert O2- to H2O2 
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the less toxic form of oxygen (Costa et al., 2005). The CAT and POD destroy the H2O2 
produced by SOD into other less toxic forms and other reactions (Foyer  et al., 1994). Relatively 
higher activities of antioxidant enzymes have been reported in soybean genotypes No. 62 and 
No. 13 as compared to Ajmeri and William-82 proposing that the ROS scavenging mechanism 
played a significant role in tolerance of plants against salt stress. Therefore, soybean genotypes 
respond inversely as a result of variations in their antioxidant systems salinity stress and 
potassium application (Mohammadkhani and Heidari, 2007; Nawaz and Ashraf, 2007). 
However, application of potassium further improved the activities SOD, POD and CAT in all 
soybean genotypes under salt stress. These finding also similar to previous argument that 
addition of potassium significantly improved antioxidant activities in plants under salinity 
stress (Zheng et al., 2008; Soleimanzadeh et al., 2010).   
 Adequate nutrition of potassium to plants increases the oil percentage and protein 
amount per unit area by improving yield components in seeds, decreases cost of production 
and increases yield and profit (Khan et al., 2010). Significant effect was recorded in growth 
and yield increment of soybean genotypes by potassium application and similar results were 
investigated in sunflower and safflower (Bakht et al., 2006; Gerendás et al., 2008; Asadia, 
2010). Nitrogen availability to plants is improved by phosphorus and potassium application by 
increasing the biological nitrogen fixation that is used for the synthesis of crude protein in 
cluster bean (Ayub et al., 2012). Similar results were obtained in previous studies in various 
crop species e.g. lucerne (Patel and Kotecha, 2006), mungbean (Hussain et al., 2011). 
Decreasing protein with increasing salinity protein contents decreased this might be due to 
disturbance in nitrogen metabolism or inhibition of nitrate uptake due to reduction of absorbed 
water and less root permeability (Medhat, 2002). In present study all the individual soybean 
seeds under non-saline conditions showed higher contents of protein and oil contents as 
compared to NaCl salt stress and this was associated with production of larger grain size of 
soybeans as compared to saline soils and similar results were recorded by (GhassemiGolezani  
et al., 2009).  
 Reduction in protein and oil yield per plant with increasing NaCl generally associated 
with decline in the duration of protein and oil accumulation and grain yield per plant under 
saline condition (Table. 4.3.9) but the rate of protein and oil accumulation of Ajmeri and 
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william-82 was slightly higher than No. 62 and No. 13.  Larger grain, oil and protein per plant 
of No. 62 and No. 13 soybean genotypes were due to production of more grains per plant as 
compared to other soybean genotypes as also reported by (GhassemiGolezani et al., 2009).  
 Genetic variability exits in plants for agriculture sustainability in Pakistan (Arshad, 
2006; Hussain and Arshad, 2011; Chajjro et al., 2013). Soybean genotypes containing high 
monounsaturated fatty acid such as oleic acid (used as heat stable cooking oil) also high 
polyunsaturated fatty acids such as linoleic acid and linolinic acid (used as cold oil). NaCl 
stress modified fatty acids composition and it is considered to be very important factor in stress 
tolerance of plants (Azachi et al., 2002). Under saline soils, oil contents of soybean seeds were 
decreased and composition of fatty acids also altered as similar results were reported in olive 
by Stefanoudaki et al. (2009). In present study differential effect upon fatty acid composition 
was recorded in all soybean genotypes under NaCl stress and potassium application (Table. 
4.3.8). The linoleic, linolenic and oleic acids are the main fatty acid, which affect the quality 
of oil. Salt stress significantly increased palmitic and stearic acid contents in all soybean 
genotypes but potassium application improved them similar results were reported in sunflower 
by Noreen and Ashraf (2010). Amount of unsaturation of fatty acids is associated with salt 
tolerance and potential of photosynthetic machinery to bear stress. Mostly salinity stress caused 
inactivation of PSI and PSII (Allakhverdiev, et al., 2000).  
  In membrane lipids unsaturated fatty acids protect PSI and PSII from inactivation as 
one of effective protecting approach. Also these fatty acids reduce the damage to PSI and 
PSII caused by salinity and refining the healing of injury (Allakhverdiev, et al., 2000; 
Allakhverdiev et al., 2001).  
 In conclusion, salinity stress severely reduced plant growth and development by 
affecting plant morphological, physiological and ionic characteristics, like reduction in relative 
water contents and membrane stability index, minimizing photosynthetic activities, increasing 
Na+/K+ ratios, reducing antioxidant activities, protein and oil quality of all soybean genotypes. 
Salt stress affects were more pronounced on soybean genotypes Ajmeri and William-82 than 
No. 62 and No. 13 soybean genotypes. However, application potassium significantly lessens 
adverse effects of salinity by improving the plant growth, gas exchange attributes, minimizing 
Na+/K+ ratios, improving antioxidant enzyme activities, protein and oil quality of all soybean 
genotypes. Potassium application (75 kg K ha-1) was found more effective at EC 6 dS m-1 in 
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alleviating harmful effects of salinity. Salt tolerant soybean genotypes No. 62 and No. 13 
produced more biomass, less root and shoot Na+ concentration, high K+ concentration, showed 
more chlorophyll contents, gas exchange parameters and antioxidant enzymes activities under 
salt stress condition as compared to salt sensitive soybean genotypes Ajmeri and William-82.  
  
  
  
  
STUDY 4   
4.4 Evaluation of soybean ROS, antioxidants, sugar contents by the application 
of potassium under saline condition  
 Two soybean varieties were sown in pot experiment under saline condition with 
application of potassium to study the production of reactive oxygen species, antioxidant 
enzymes, gas exchange parameters and sugars to evaluate the effectiveness of potassium 
application in salinity stress.   
4.4.1  Results  
4.4.1.1  Effects of K and NaCl on electrical conductivity in soybean varieties  
 Electrical conductivity was measured of two soybean varieties after different time 
intervals. Pioneer showed minimal increment of EC in all the intervals as compared to Jack. 
While application of K showed the low values of EC as compared to induced salt stress (NaCl) 
indicating the less membrane damage. Maximum values of EC were recorded in Jack after 120 
min. in 9 mM salt stress (NaCl) while minimum value of EC were recorded at 30 min. time 
interval in control. At 9 mM salinity level (NaCl) the increment of EC values was 141, 145, 
127 and 129% while Jacked showed 103, 157, 131 and 202% at 30, 60, 90 and 120 min. 
intervals as percent of control but with combine application of salt stress (90 mM NaCl) and 
potassium (9 mM K) the EC values were 124, 107, 99, 91% of Pioneer while Jack showed 100, 
124, 107, 142% respectively (Table. 4.4.1) indicating that potassium application improved 
membrane stability of soybean leaves.  
Table 4.4.1   Effects of K and NaCl on electrical conductivity in soybean varieties  
Soybean  
Varieties  
Time Interval  Control  K Deficiency  NaCl  NaCl+ K  
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Pioneer  EC (30 min)  6.63±1.14  7.87±0.22 (118)  9.42±1.47 (141)  8.24±1.12 (124)  
Jack  9.51±1.14  8.17±0.68 (85)  9.89±1.45 (103)  9.54±1.65 (100)  
Pioneer  EC (60 min)  9.31±0.48  11.62±0.82 (124)  13.57±2.00 (145)  10.05±0.08 (107)  
Jack  9.61±1.37  13.74±3.20 (142)  15.16±2.53 (157)  11.93±3.48 (124)  
Pioneer  EC (90 min)  10.48±0.14  11.38±1.12 (108)  13.40±2.95 (127)  10.38±0.46 (99)  
Jack  11.82±0.65  13.13±0.83 (111)  15.55±1.46 (131)  12.75±1.14 (107)  
Pioneer  EC (120 min)  11.00±1.53  11.66±1.27 (106)  16.48±3.01 (149)  10.07±0.91 (91)  
Jack  10.08±0.55  15.60±1.16 (154)  20.43±1.55 (202)  14.38±0.65 (142)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.4.1.2  Effects of K and NaCl on gas exchange parameters in soybean varieties  
 In comparison with the control, NaCl treatment led to a significant decline in all gas 
exchange parameters in both soybean varieties (Table. 4.4.2) However, combined application 
of K+NaCl significantly improved gas exchange parameters of soybean varieties.  In potassium 
deficient treatment Pioneer exhibited percent of control values 85, 87, 83, 102% followed by 
Jack with 83, 59, 89 and 94% in photosynthetic rate, conductance to H2O, interacellular CO2 
conc. and transpiration rate respectively. While application of K with salinity improved gas 
exchange parameters and Pioneer showed percent of control values 85, 78, 86 and 104% while 
Jack showed 88, 68, 81 and 86% in photosynthetic rate, conductance to H2O, interacellular 
CO2 conc., and transpiration rate respectively.   
4.4.1.3  Lipid peroxidation  
 Lipid peroxidation in leaves of both soybean varities, measured as MDA content, is 
given in (Table. 4.4.4). In soybean variety, salt stress (90 mM NaCl) caused significant increase 
of MDA contents relative to control whereas combine application of NaCl and K had 
significant effect on reduction of MDA contents. In soybean variety Jack, MDA content was 
significantly increased viz: 120% percent of control in salt stress treatment while application 
of K with salt stress reduce the MDA contents with percent of control 106%. (Table. 4.4.4). 
While in soybean variety Pioneer, MDA content was  increased 148% salt stress treatments 
relative to control while application of K with salt stress reduce the MDA contents upto 123% 
as compared to control.   
Table 4.4.2  Effects of K and NaCl on gas exchange parameters in soybean varieties  
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Soybean  
Varieties  
Treatments  Photosynthetic 
Rate (mmol H2O  
m-2 s-1)  
Condtance to 
H2O (mol H2O  
m-2 s-1)  
Interacellular CO2 
conc. (Ci) (µmol 
CO2 mol air-1)  
Transpiration  
Rate(Trmmol)  
(mmol H2O m-2s-1)  
Pioneer  Control  15.71±1.68  0.145±0.04  229.90±7.16  3.09±0.62  
K Deficiency  13.46±0.35 (85)  0.126±0.05 (87)  192.10±10.96 (83)  3.17±0.41 (102)  
NaCl  11.28±0.84 (71)  0.115±0.02 (79)  138.24±8.65 (60)  2.73±0.94 (88)  
NaCl+ K  13.36±2.00 (85)  0.114±0.03 (78)  199.13±6.92 (86)  3.23±0.58 (104)  
Jack  Control  14.75±0.83  0.120±0.01  225.69±4.66  3.87±0.39  
K Deficiency  12.34±1.18 (83)  0.071±0.02 (59)  203.11±4.90 (89)  3.66±0.19 (94)  
NaCl  9.52±1.81 (64)  0.050±0.01 (41)  159.67±5.90 (70)  1.69±0.53 (43)  
NaCl+ K  13.09±1.00 (88)  0.082±0.02 (68)  183.66±3.77 (81)  3.36±0.29 (86)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of control.  
Table 4.4.3  Effects of K and NaCl on gas exchange parameters and chlorophyll contents in 
soybean varieties  
Soybean  
Varieties  
Treatments  Phi2  NPQt  Linear  Electron  
Flow  
Chlorophyll  
(SPAD)  
Pioneer  Control  0.513±0.02  0.581±0.06  194.63±4.32  43.33±1.90  
K Deficiency  0.448±0.01 (87)  0.515±0.01 (88)  177.95±4.18 (91)  40.18±0.27 (92)  
NaCl  0.432±0.04 (84)  0.425±0.03 (73)  151.25±3.59 (77)  36.00±1.08 (83)  
NaCl+ K  0.484±0.01 (94)  0.504±0.03 (86)  170.23±12.26 (87)  38.88±1.01 (89)  
Jack  Control  0.510±0.03  0.703±0.01  176.71±8.40  40.95±0.91  
K Deficiency  0.433±0.03 (84)  0.604±0.12 (85)  168.75±5.41 (95)  39.95±1.09 (97)  
NaCl  0.438±0.01 (85)  0.505±0.01 (71)  134.15±1.88 (75)  35.25±1.48 (86)  
NaCl+ K  0.485±0.02 (95)  0.557±0.01 (79)  156.71±8.54 (88)  37.90±1.86 (92)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
Table 4.4.4: Effects of K and NaCl on MDA contents in soybean varieties  
Soybean  
Varieties  
Treatments  MDA (nanomoles TBARs/g  
fresh weight)  
Pioneer  Control  88.02 ±2.19  
K Deficiency  107.71±5.06 (122)  
NaCl  116.93±2.89 (132)  
NaCl+ K  109.00±3.72 (123)  
Jack  Control  142.33±6.00   
K Deficiency  155.32±7.00 (109)  
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NaCl  171.69±10.07 (120)  
NaCl+ K  151.04±8.00 (106)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
4.4.1.4  Effects of K and NaCl, on enzymatic antioxidants in soybean varieties  
 Significant increase in SOD activity was observed in both soybean varieties under 
NaCl when compared with control (Table. 4.4.5). The combined application of salt stress and 
K (NaCl+K) had a significantly higher SOD activity than control in both soybean varieties. 
However, in NaCl alone and K+NaCl treatments, the soybean variety Pioneer showed a faster 
increase of SOD activity than the soybean variety Jack.   
 NaCl stresses caused significant increase of POD activity in both soybean varieties. 
The combined application (NaCl+K) had a significantly higher POD activity than both the 
NaCl and potassium deficient treatment.  Salt tolerant soybean variety Pioneer had more rapid 
increase in POD activity when the plants were exposed to NaCl stress or potassium deficiency. 
Comparatively, soybean variety Jack which is considered sensitive to salinity had a rapid 
increase to combine (NaCl+K) treatment stress but slower increase in POD activity when 
subjected to NaCl stress.   
 Changes in the activity of CAT in both soybean varieties are shown in Table 1. The 
combined application (NaCl+K) and NaCl treatment alone caused significant increase of CAT 
activity in both soybean varieties relative to control.   
Table 4.4.5   Effects of K and NaCl, on enzymatic antioxidants in soybean varieties  
Soybean  
Varieties  
Treatments  Superoxide  dismutase  
(Protein mg-1)  
Catalase (Proteim mg-1)  Peroxidase (Protein mg- 
1)  
Pioneer  Control  38.58±0.84  14.60±0.22  72.00±1.78  
K Deficiency  46.97±1.05 (121)  15.18±0.21 (104)  80.64±1.99 (112)  
NaCl  41.82±1.13 (108)  13.43±0.20 (92)  64.08±1.58 (89)  
NaCl+ K  52.36±1.05 (135)  17.52±0.26 (120)  89.28±2.21 (124)  
Jack  Control  29.92±0.58  8.95±0.58  49.25±0.54  
K Deficiency  34.47±0.47 (115)  9.85±0.47 (110)  54.67±0.60 (111)  
NaCl  30.90±2.70 (103)  6.98±2.70 (78)  41.37±0.42 (84)  
NaCl+ K  37.27±0.93 (124)  10.65±0.93 (119)  57.62±0.65 (117)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
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4.4.1.5  Effects of K and NaCl on sugars and GS activity in soybean varieties  
 Sugar concentration in soybean leaves was significantly affected by salinity stress and 
potassium deficiency in two soybean varieties (Table. 4.4.6). Under salinity stress, Pioneer and 
Jack showed a significant increase in total sugar contents. Fructose made a huge percentage 
(36-65%) of the soluble sugars and was also significantly increased in soybean variety Pioneer 
showed percent of control 107% followed by Jack 106% while application of potassium also 
increased the fructose concentration under salinity stress. Glucose concentration increased 
under salinity stress in Pioneer showed percent of control 105% while application of potassium 
improved glucose contents under salinity stress. Sucrose contents were increased in the 
soybean variety Pioneer showed percent of control 104% under salinity stress while application 
of potassium also improved sucrose contents under salinity stress. Stachyose and raffinose 
concentration was slightly decreased under salinity stress and potassium application.  
 Salinity stress significantly decreased the concentration of GS in both soybean varieties 
Pioneer and Jack while application of potassium improved the GS activity in both varieties of 
soybean.   
Table 4.4.6   Effects of K and NaCl on sugars in soybean leaf tissues   
Soybean 
Varieties  
Treatments  Fructose (mg 
g-1 DW)   
Glucose (mg 
g-1 DW)   
Sucrose (mg 
g-1 DW)   
Raffinose  
(mg g-1  
DW)   
Stachyose  
(mg g-1 DW)   
Pioneer  
Control  21.70±0.13  9.20±0.09  10.13±0.11  4.80±0.11  4.88±0.37  
K Deficiency  22.60±0.18  
(104)  
9.40±0.09  
(102)  
10.38±0.11  
(102)  
4.40±0.09  
(91)  
4.63±0.06  
(94)  
NaCl  23.43±0.38  
(107)  
9.68±0.14  
(102)  
10.63±0.21  
(104)  
4.10±  
0.11(85)  
4.35±0.06  
(89)  
NaCl+ K  22.80±0.22  
(105)  
9.70±0.13  
(105)  
10.73±0.08  
(105)  
4.40±0.09  
(91)  
4.65±0.12  
(95)  
Jack  Control  20.38±0.09  7.65±0.10  7.58±0.13  4.20±0.04   4.42±0.01  
K Deficiency  21.23±0.17  
(104)  
8.03±0.11  
(104)  
8.23±0.11  
(108)  
3.88±0.05  
(92)  
3.98±0.09  
(90)  
NaCl  21.70±0.21  
(106)  
8.18±0.09  
(106)  
8.43±0.15  
(111)  
3.25±0.10  
(77)  
3.73±0.09  
(84)  
NaCl+ K  21.33±0.23  
(104)  
8.23±0.08  
(107)  
8.55±0.14  
(112)  
3.35±0.12  
(79)  
4.13±0.05  
(93)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
Table 4.4.7   Effects of K and NaCl on GS activity in soybean varieties  
Soybean Varieties  Treatments  GS nmol mg-1 protein min-1  
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Pioneer  Control  64.25±1.65  
K Deficiency  59.00±0.91 (91)  
NaCl  61.00±1.29 (94)  
NaCl+ K  68.25±1.18 (106)  
Jack  Control  61.50±1.32  
K Deficiency  58.25±1.11 (94)  
NaCl  56.75±1.12 (92)  
NaCl+ K  68.25±1.18 (110)  
Each value is an average of 4 replicates± S.E., and values in parenthesis are the percent of 
control.  
  
  
  
4.4.1.6   Discussions Study-4: Evaluation of soybean ROS, antioxidants, sugar contents 
by the application of potassium under saline condition  
  
 Salinity stress is a major abiotic stress that significantly inhibits the growth and 
photosynthetic ability of plants and even leads to death (Kosova et al., 2013; Kausar et al., 
2014). In present study, Salt stress as well as potassium deficiency reduced the growth of both 
soybean varieties while application of potassium in saline conditions improves the growth of 
soybean varieties.   
 Photosynthesis as a sensitive physiological process is closely related to growth of 
plants under salinity stress. Salinity stress reduce photosynthetic rate of plants due to stomatal 
limitations (Desingh and Kanagaraj, 2007). Salinity stress inhibit CO2 closing by closing 
stomata (James et al., 2002; Zhang et al., 2006) resulting lowering of CO2 reduction by Calvin 
Cycle and ultimately plant growth (Lawlor and Cornic, 2002; Lawlor and Tezara, 2009). In the 
present study, a significant reduction of CO2 assimilation (A) rate and stomatal conductance 
was recorded in the leaves of both soybean varieties. The degree of reducing CO2 assimilation 
rate was positively related with the salinity level. Photosynthetic rate is reduced by low 
intercellular CO2 concentrations by closing of stomata. Subsequently reduced values of 
intercellular CO2 lead to higher oxygenation of RUBP by RUBISCO (Wingler  et al., 1999; 
Zeng et al., 2010), photorespiration increased in soybean leaves under salinity stress in present 
findings. The gas-exchange findings in the current study confirmed that C crisis is dominant in 
salt stressed leaves, which may lead to poor growth of soybean plants. In present study 
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photosynthetic parameters reduced may be due to denaturation of reaction center of PSII, 
reduction in dissociation of light harvesting antenna from PSII, toxicity of various ions or 
dehydration as described in previous findings (Djanaguiraman et al., 2006).  
Salinity stress induced a significant reduction in the efficiency of PSII (ΦPSII) in soybean 
varieties as reported in other crops (Yang and Lu, 2005). The defensive role of NPQ is closely 
related with down regulation of PSII activity as well as scavenging of singlet oxygen. The 
function of NPQ is mainly concerned with the dissipation of excess energy from light 
harvesting complexes in the form of heat (Gilmore, 1997). NPQ provide good standard that 
how plants tolerate the adverse effects of ROS under salt stress (Lee et al., 2013).   
 Reactive oxygen species produced as a result of salt stress (Amor  et al., 2005). In 
present study under salinity stress as well as potassium deficiency the production of ROS was 
maximum in both soybean varieties as compared to control and similar findings were reported 
in previous research by (Wahid et al., 2007; Abbasi et al., 2014). From all the antioxidant 
enzymes SOD is the first line of defense for scavenging superoxide radicals in salt stress (Chen 
and Heuer, 2013). SOD convert superoxide into H2O2 (Shehab et al., 2010).  Under salinity 
stress cause osmotic stress, ionic imbalance and specific ionic toxicity due to disturbance in 
water potential and reduce water productivity (Kausar et al., 2012). Nutrient deficiencies 
created by salinity stress can `be overcome by the addition of inorganic fertilizers. Potassium 
plays an important role in improving physiological and biochemical processes of plant (Krauss, 
2003; Wang et al., 2013; Gupta and Huang, 2014).   
 Nitrogen is the source for glutamate. Also Cl-1 ions reduce NO3- uptake in plants but 
in contrast with NH4+ in leaves (Masclaux-Daubresse et al., 2006) However, a large amount of 
NH4+ is produced as a consequence of protein hydrolysis in plant leaves (Kant et al., 2011). In 
present study, glutamate synthetase enzyme activity significantly reduced under salt stress and 
potassium deficient conditions (Hossain et al., 2012).   
 Adequate amount of potassium is essential for regulating various important processes 
in plants such as activation of enzymes, photosynthesis, protein synthesis, energy transfer, 
stomatal conductance, and ionic balance (Ashraf et al., 2013; Wang et al., 2013). Adverse 
effects of salinity can be reduced by application of proper management of soils  
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(Idrees et al., 2004). Salt tolerant crops have the mechanism of preferential uptake of K+ over 
Na+ (Wei et al., 2003; Kausar et al., 2014). Salt affected soils require all the nutrients in balance 
amount particularly potassium that is essential for plant growth and germination. Plant 
development influenced by the availability of appropriate amounts of potassium sulphate that 
increases the availability and uptake of nitrogen and reduce the adverse effects of salinity which 
ultimately increases crop growth and yield (Wang et al., 2013; Gupta and Huang, 2014; Kausar 
et al., 2014).  
 Salinity stress inhibit the uptake of potassium by altering the selectivity of HKT 
(selective transporter protein) for Na+ over K+ (Garciadeblas et al., 2003) in plants and increase 
the Na+ uptake via non-selective cation channels  (Shabala, 2000; Tarakcioglu and Inal, 2002; 
Kader and Lindberg, 2005; Uddin et al., 2011). In present study, salt stress decreases the 
concentration of K+ while increase the concentration of Na+ in soybean leaves.   
In all soybean genotypes sugars accumulation is recorded under all the levels of NaCl stress 
conditions, which helped the plants in osmoregulation (Wang and Stutte, 1992; Rolland et al., 
2002). Soybean seeds comprises of about 30% of soluble and insoluble carbohydrates. In 
soybean the primary soluble carbohydrates are: sucrose, stachyose, and raffinose. The 
germinating ability of soybean seeds is primarily determined by these sugars. The quantities of 
these sugars differ according to the variety of soybean and growing stages (Rotundo and 
Westgate, 2009). The oligosaccharides raffinose and stachyose promote growth of bifido 
bacteria existing in the lower intestine and considerably essential for human health. Bifido 
bacteria reduce the incidence of many diseases of lower tract especially colon cancer (Rada  et 
al., 2002).  
 In response to salt stress, plants have an adaptation by increasing carbohydrate 
concentration. In addition to increase the mechanism of osmoregulation soluble sugars also act 
as osmoprotectants for protein under stressed condition (Ashraf, et al., 2005).  In the present 
study, sugars contents increased due to imposition of stress in both soybean varieties (Table. 
4.4.6). The salt tolerant variety Pioneer accumulated more sugar, which is effective in 
maintaining turgor by decreasing osmotic potential, followed by variety Jack.   
 In conclusion, potassium deficiency increased the susceptibility of soybean varieties to salinity 
stress as strong evidenced by the reduction in morphological and physiological parameters. 
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This effect was created by some toxic ions in the cells. Potassium deficiency and salinity stress 
enhanced the negative effects in photosynthetic processes induced by salinity. But application 
of potassium sulphate decreased the harmful effects of salinity in both varieties of soybean.   
  
  
STUDY 5  4.5  Development of salt tolerant transgenic and sudden death 
syndrome resistant soybean varieties  
 Worldwide soybean food has great demand so consideration of genetically modified 
(GM) foods is taking important consideration. By using genetic engineering techniques GM 
organisms introduced specific changes into their DNA. These techniques are much more 
precise than mutagenesis and breeding where an organism is exposed to radiation or chemicals 
to create a non-specific but stable change. From bacteria the herbicide resistant gene has been 
taken and inserted into soybeans that have led to resistance to glyphosate or glufosinate 
herbicides.  
4.5.1   Results  
4.5.1.1   HVA1 Gene  
 Barley HVA1 drought tolerance gene is in the soybean genome. A barley (Hordeum 
vulgare L.) gene was expressed in soybean varieties. Accumulation of HVA1 protein was 
analyzed in number of transgenic soybean lines Jack (V1), Pioneer (V2), Lilly (V3), DF-191 
(V4), and Organic-155 (V5) and based on PCR confirmation, blue errows shows the 
confirmation of some genetic material (HVA1 gene) transformation (Figures 4.5.1 -4.5.4). 
According to Cheng et al. (2002) three classes of LEA proteins have been genetically 
engineered and shown to provide dehydration tolerance in transgenic rice plants. Xu et al., 
(1996) classified PMA1959, a group 1 LEA protein and PMA80, a group 2 LEA protein both 
from wheat, and HVA1, a group 3 LEA protein from barley. Transgenic wheat lines expressing 
HVA1 gene had significantly higher water use efficiency than nontransformed (Sivamani et 
al., 2000). Accumulation of LEA proteins was shown to confer salt tolerance in transgenic rice 
lines through better cell membrane protection (Rohila et al., 2002; Cheng et al., 2002). 
Drought, salinity and freezing all cause cellular dehydration, thus the mode of action of these 
proteins may be common for different stresses. The barley HVA1 (Qian et al., 2007) gene was 
transferred into P. vulgaris, as this gene encodes a type III LEA protein. The Barley HVA1 
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gene has previously been transferred to rice (Deping et al., 1996), wheat (Sivamani et al., 2000; 
Bahieldin et al., 2005), sugarcane (Zhang et al., 2000), creeping bentgrass (Fu et al., 2007), 
mulberry (Lal et al., 2008), and oat (Maqbool et al., 2002; Maqbool et al., 2009).  
        1kb       -ve   -ve     +ve     V1     V2     V3   V4     V5     V1     V2     V3    V4    V5        
 
Fig. 4.5.1 PCR Analysis of HVA1 in T1 Soybean Lines (a)  
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Fig.4.5.2 PCR Analysis of HVA1 in T1 Soybean Lines (b)  
       1kb     -ve    +ve     V1     V2    V3     V4    V5      V1     V2     V3     V4      V5    V1   
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Fig. 4.5.3 PCR Analysis of HVA1 in T1 Soybean Lines (c)  
     1kb    -ve     +ve      V1      V2      V3    V4     V5     V1      V2      V3     V4     V5     V1  
 
Fig. 4.5.4 PCR Analysis of HVA1 in T1 Soybean Lines (d)  
  
4.5.1.2 DREB2(29) Gene  
  
                     Abiotic stresses solely associated with physiological and developmental changes 
in plants, which are due to changes in plant genes expression (Kobayashi et al., 2004). There 
are some transcription factor(s) that regulate the expression of several genes related to stress. 
DREB gene transferred in soybean lines Jack (V1), Pioneer (V2), Lilly (V3), DF-191 (V4), 
and Organic-155 (V5) and blue errows shows the evidence of some transferred genetic material 
DREB2(29) gene (Figure 4.5.5). DREB (Dehydration responsive element binding factor) play 
key roles in plant stress signalling transduction pathway, they can specifically bind to 
DRE/CRT element (G/ACCGAC) and activate the expression of many stress inducible genes. 
Each DREB protein contains a basic N-terminal region that might function as a nuclear 
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localization signal and acidic C-terminal region that might act as an activator domain for 
transcription. DREB genes family has been grouped into DREB l/ CBF and DREB2. DREB1 
includes 4 novel genes viz., DREB1A (CBF3), DREB1B (CBF1), DREB1C (CBF2) and 
DREB1D (CBF4) (Sakuma et al., 2002). Five DREB homologs were identified in rice which 
includes Os DREB1A, Os DREB1B, OsDREB1C, OsDREB1D and OsDREB2A (Sakuma et 
al., 2002). Analysis of the genomic sequences related to rice ERF and DREB gene families are 
useful in identification of new DREB genes that could play a  major role in drought tolerance 
and their phylogenetic analyses (Hemalatha et al., 2012).  
  
  
      
1kb     -ve      +ve     V1   V2     V3      V4     V5     V1      V2       V3     V4     V5     V1        
4.5.1.3  Rhg1 Gene  
 Sudden death syndrome (SDS) is becoming a main soybean disease in in the US and 
all over the world including Pakistan caused by Fusarium virguliforme. Rhg1 gene was 
expressed in soybean lines Jack (V1), Pioneer (V2), Lilly (V3), DF-191 (V4), and Organic155 
(V5) based on PCR results and blue errows shows the confirmation of genetic material (Rhg1) 
transformation but the amout of Rhg1 gene transferred was very low in the figure (Figure 
4.5.6). Yield losses by SDS in individual fields up to 40% to 80% in southwestern  
Indiana Reported by the USDA. SDS usually appears in the form of a “complex disease” along 
with the soybean cyst nematode, so more yield losses due to the complex disease. In 2011 and 
2013, the soybean complex disease resistance gene (rgh1) on the soybean genome locus on 
  
  
  
  
  
  
  
  
Fig. 4.5.5 PCR Analysis of DREB 2( 29 )  in T1 Soybean Lines (a)  
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chromosome 18 were discovered to be associated with both SCN resistance and SDS 
resistance.   
      1kb     -ve      +ve     V1   V2     V3      V4      V5     V1     V2     V3      V4    V5     V1        
 
Fig. 4.5.6 PCR Analysis of Rhg1 in T1 Soybean Lines (a)  
  
4.5.1.4  Discussions Study-5: Development of salt tolerant transgenic and sudden death 
syndrome resistant soybean varieties  
 HVA1 gene was analyzed in number of soybean varieties. Results of PCR positive 
plants showed clear bands of HVA1 gene in soybean samples indicating there presence in some 
soybean lines (Fig. 4.5.4). In soybean varieties PCR positive plant results of DREB29 gene 
indicates clear bands showing their presence (Fig. 4.5.5). Similarly, in case of Rhg1 gene, PCR 
positive plant showed presence of Rhg1 gene in most of soybean lines (Fig. 4.5.6).  
 For improving soybean germplasm for improved life and higher incomes, soybean 
genotypes yields still dramatically reduced annually due to SDS and other biotic and abiotic 
aspects. For up-regulation of existing soybean SDS resistance gene (Rgh1) and over express 
the barley HVA1 drought tolerance gene in the soybean genome.    
Transgenic plants expressing HVA1 gene had considerably high water use efficiency than non-
transgenic plants (Sivamani et al., 2000).  
 The recombinant E. coli cells expressing SbDREB2A exhibited better growth in basal 
LB medium as well as in medium supplemented with NaCl, PEG, and mannitol. The improved 
growth in recombinant E. coli cells could be due to the regulation of stressregulated functional 
genes by this TF and certain interactions with transcriptional network in the bacterial cells, thus 
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providing stress tolerance (Gupta et al., 2010). These observations suggest that the DREB 
proteins are important TFs in regulating abiotic stress-related genes and play a crucial role in 
imparting stress tolerance to plants. The DREB1 and DREB2 regulons can thus be used to 
improve the tolerance of various kinds of agriculturally important crop plants to drought, high-
salinity, and freezing stresses by gene transfer.  
 Salinity is serious threat to agriculture in all over the world. Though salinity problem 
is not sudden, it is also as harmful as salt stress to plants, leaving farmers with lower yield of 
crops and incomes. Global warming is now a days becoming commonly recognized 
phenomenon which can harmfully affect crops such as soybean growth and yield because high 
temperatures contribute to greater plant transpiration as well as soil evaporation, increasing the 
impact of salinity and helping the movement of salts to the soil surface by evaporation. Hence, 
it is thinkable that most crops will face and survive continuing increase of sanility and drought 
problems.  
CHAPTER 5  
  
GENERAL DISCUSSION  
Salinity is one of the major abiotic stress in all over the world which affect plant  
growth, development and reduce crop yield significantly (Kosova et al., 2013; Kausar et al., 
2014; Zhang et al., 2014; Jan et al., 2015).  Every year billions of dollars loss occurs because 
of salinity and sodicity. Under saline soils plants absorb more toxic ions which cause osmotic 
stress and reduce plant growth and development as compared to normal soils (Akhtar  et al., 
2013; Haq et al., 2013). Consequently, nutritional imbalance and ionic toxicity created in 
plants. Excess amount of sodium reduce absorption of other essential ions in plants (Gupta and 
Huang, 2014; Han et al., 2014; Aftab et al., 2015). By the use of poor quality water and 
uncultivable lands to fulfil the requirements of ever increasing population the problem of 
salinity increases and harms the plants especially salt sensitive crops (Munns, 2002; Haq et al., 
2008; Ashraf et al., 2013). Salinity stress causes problem of osmotic stress, specific ion 
toxicity, imbalance of nutrients, disturbance in uptake and translocation of nutrients,  reduction 
in protein synthesis, photosynthesis and energy and so reduce plant growth and yield (Misra 
and Dwivedi, 2004; Parida and Das, 2005; Gupta and Huang, 2014; Amjad et al., 2014). 
Salinity stress produce reactive oxygen species which cause oxidative damage in plants, alter 
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physiological and biochemical processes in plant leading to death (Xiong and Zhu, 2002; Sun  
et al., 2011; Kosova et al., 2013; Kausar et al., 2014; Abbasi et al., 2015).   
Advances in research in the fields of physiology, genetics, and molecular biology of 
plants provide opportunities to easily understanding responses of plants again salinity (Flowers, 
2004; Munns, 2007). The high level of variations in plant inters and intra specific levels cause 
many problems to identify the main indicator which could be used as selection criteria for 
plants. But currently rapid and economical viable short gun approaches have been used to 
detoxify the injurious effects of salinity on plant growth (Cuartero et al., 2006; Ashraf and 
Foolad, 2007). Several types of organic and inorganic amendments have been used to decrease 
the harmful effects of salinity on many crops. But the degree of their improvement effects 
depend on number of other factors e.g. extent of salinization, type and mode of application of 
chemical, type and stage of crop growth at which they applied. To identify salt tolerant, desired 
trait varieties and high yielding crops screening of germ plasm is the key factor. Eleven soybean 
genotypes were grown in solution medium at 60 to 120 mM NaCl salinity levels in combination 
with potassium source KNO3. Results indicated that salinity stress caused significant reduction 
in morphological, physiological and ionic performance of plants at all the levels of salinity 
stress while application of potassium ameliorate the harmful effects of salinity at all levels 
except higher level of potassium at maximum salinity level.   
Similar results were reported in previous findings in different crops that increasing 
salinity stress decreased plant growth and development by minimizing shoot and root biomass  
(Akram et al., 2010; Maiti et al., 2010; Ghaloo et al., 2011; Abbasi et al., 2014; Kausar et al., 
2014).   
Out of 11 soybean genotypes studied in screening experiment, two salt tolerant (No. 
62 and No. 13) and two salt sensitive soybean genotypes (Ajmeri and William-82) were 
selected on the basis of shoot and root fresh and dry weights, shoot and root length, gas 
exchange parameters, leaf area, MSI, RWC, and Na+/K+ ratio. These soybean genotypes were 
selected on different salinity levels with combinations of potassium nitrate application. 
Application of potassium under saline soils is a beneficial approach for salinity tolerance in 
various crops (Nadia, 2006; Mahmood, 2011; Kausar et al., 2014; Abbasi, et al., 2015). 
Potassium is essential for many physiological functions in plants like photosynthesis, enzymes 
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activation, and minimizing excess absorption of sodium in saline conditions (Mengel et al., 
2001; Reddy et al., 2004; Wang et al., 2013). Previous experiments on many crops clearly 
reported that addition of potassium mitigate adverse effects of salinity by improving stomatal 
regulation, osmoregulation, protein synthesis, charging balance, ion homeostasis, and energy 
status (Sanjakkara et al., 2001; Mahmood, 2011). In plants as a result of salinity stress and 
potassium deficiency the problems of osmotic stress, specific ion toxicity, nutrient imbalance 
and reactive oxygen species produced. Salt tolerant genotypes develop defensive mechanism 
of antioxidants enzymes production for detoxification of ROS under sainity stress (Zhu, 2001; 
Ali et al., 2011; Sun et al., 2011; Amjad et al., 2014). Therefore, application of potassium can 
improve plant growth and development by detoxifying the ROS (Cakmak, 2005). The 
scavenging of ROS by antioxidants production especially SOD, CAT, POD and GPX activities 
can enhanced by the application of potassium (Soleimanzadeh et al., 2010). Complete 
information about the effect of potassium application on morphological, physiological and 
biochemical features in soybean genotypes under saline condition should be studied to increase 
the production of soybean crop on salt affected soil.  
Keeping in view the beneficial effects of potassium on the growth of other crops, 
second study was planned to investigate the role of K+ regarding the salinity induced 
morphological, physiological and antioxidant activity changes in soybean genotypes differing 
in salinity tolerance in solution culture. Furthermore, to investigate the changes in 
morphological, physiological and biochemical attributes in soybean genotypes differing in 
salinity tolerance under various level of K+ application in soil culture were used.  
Screening of germ plasm for salt tolerance, genes transfer into adapted crops and 
regulation of sufficient nutrients are essential to increase the chemical and engineering 
approach to sustain crop productivity on problematic (Mahar et al., 2003). The results indicated 
that  salinity stress significantly reduced morphological, physiological and biochemical 
attributes proving previous research that saltinity stress caused significant reduction in plant 
shoot and root fresh and dry weights, plant height, leaf area, RWC, MSI and photosynthetic 
parameters   (Mulholland et al., 2002; Hajer et al., 2006; Abbasi et al., 2014). The deleterious 
effects of salinity on plant growth and development are related to lowering of internal osmotic 
potential, specific ion toxicity, nutrients deficiencies and imbalance (Parida and Das, 2005; 
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Wang et al., 2013). High concentration of Na+ severely harms plant metabolism and effect 
plant productivity (Zhu, 2002).  
All the soybean genotypes responded directly to NaCl stress depending on their 
genetic adaptability and tolerance to salinity. Better performance of salt tolerant soybean 
varieties related to more absorption of K+ than Na+ under saline conditions and similar results 
were recorded in maize (Akram et al., 2010; Abbasi, et al., 2015), barley (Chen et al., 2005; 
Chen, et al., 2007), sunflower (Haq et al., 2013).  In all experiments soybean plants showed 
significant reduction in relative water contents under salinity stress. Salt tolerant soybean 
genotypes showed minimum reduction in RWC while salt sensitive genotypes showed 
maximum reduction. These results were confirmed by previous findings (Sairam et al., 2002; 
Abbasi, et al., 2015).   
Application of potassium under salinity stress improved water relation attributes and 
maintain turgidity of soybean plant under salinity stress. Relative water contents and osmotic 
potential significantly reduced with potassium deficiency in red beat (Subbarao et al., 2000).   
Results of all experiments clearly indicated that with increasing salinity stress  
chlorophyll contents, gas exchange attributes significantly reduced in all soybean genotypes. 
However, application of potassium improved the photosynthetic parameters in salt tolerant 
soybean genotypes more efficiently at maximum level of potassium application 9 mM for 120 
mM NaCl stress and 75 kg ha-1 at 6 dS m-1 NaCl stress for pot experiment. In these experiments, 
different levels of potassium improved gas exchange parameters, chlorophyll contents 
especially in salt tolerant soybean genotypes.   
Stomatal conductance is a main factor in regulating photosynthetic rate and 
maintenance of water in plants under salinity stress because K+ plays as a role of major 
osmoticum under salinity stress (Marschner and Rimmington, 1996; Dubey, 2005; Sun et al., 
2011). In previous findings it is clearly indicated that regulation of stomata depends the K+ 
distribution in guard cells, leaf apoplast and epidermal cells (Shabala  et al., 2002). Addition of 
potassium under salinity stress improves chlorophyll contents and gas exchange parameters 
(Akram et al., 2009).    
Salt sensitive soybean genotypes accumulated high amount of sodium and low  
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concentration of K+ under salinity stress, could be one of the causes of its sensitivity to salt 
stress, while more potassium concentration and low contents of Na+ in salt tolerant soybean 
genotypes must have been contributed towards its tolerance to salinity stress. Similar results 
were reported in barley plants that accumulated low contents of Na+ and higher contents of K+ 
due to preference of K+ loading in xylem than Na+. However, salt-tolerant soybean genotypes 
showed poor affinity for Na+ than K+ by maintaining lower Na+/K+ ratio as compared to salt-
sensitive soybean genotypes. Addition of K+ under saline soils mitigated the detrimental effects 
of Na+ and improved K+ absorption of maize (Abbasi, et al., 2015) olive (Chartzoulakis et al., 
2006), sunflower (Akram et al., 2009) and improved K+/Na+ ratio under salitity stress (Carden 
et al., 2003; Akram et al., 2010; Kausar et al., 2014).   
Antioxidant enzymes provide defense mechanism to cell structures against ROS  
under salinity stress (Ali et al., 2011). On the basis of our results under salinity stress, 
antioxidant enzymes SOD, POD, and CAT activities increased significantly in response to 
oxidative stress in all soybean genotypes but maximum level of salinity cause reduction in 
antioxidant activities, further application of potassium improved SOD, POD, and CAT 
activities. SOD is the key enzyme in scavenging the ROS and considered to be the first line of 
defense against ROS and convert O2- to H2O2 (Hamilton and Heckathorn, 2001; Costa et al., 
2005). In salt tolerant soybean genotypes relative high concentration of antioxidant enzymes 
were observed as compared to salt sensitive genotypes indicating that antioxidant enzymes 
played significant role in the mechanism of plant stress tolerance. The growth and yield 
reduction in most crops under saline environments is known to cause an imbalance of the 
cellular ions resulting in hyper ionic and hyper osmotic stress in plants, leading to reactive 
oxygen species (ROS) production such as superoxide anion, hydrogen peroxide and hydroxyl 
radicals and metabolic toxicity (Tayefi-Nasrabadi et al., 2011).  
Salt results in huge losses in plant productivity by reducing plant growth (Bohnert, 
1995; Waraich et al., 2011; Ashraf et al., 2012; Kanwal et al., 2013) in almost all the plants. 
Thus, soybean genotypes respond differently to salinity stress on the basis of their genetic 
tolerance to salinity (Bhutta, 2011; Nabati et al., 2011). However, potassium application under 
saline conditions further improved the activities of antioxidant e.g. SOD, POD and CAT in 
soybean genotypes. These results are also similar to previous findings that antioxidant enzymes 
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improved by application of potassium under saline conditions (Zheng et al., 2008; 
Soleimanzadeh et al., 2010).   
Salinity modified fatty acids composition and it is considered to be very important  
in stress tolerance of plants (Malkit et al., 2002). Under stress conditions, oil contents of olive 
were decreased and composition of fatty acids also changed Stefanoudaki et al. (2009). 
According to Noreen & Ashraf, (2010) salt stress significantly increased seed oil palmitic, 
stearic acid contents but decreased seed oil linoleic acid contents in both lines of sunflower. 
Moreover, extent of unsaturation of fatty acids is correlated with salinity tolerance and potential 
of photosynthetic machinery to tolerate stress. Generally salinity stress induces inactivation of 
PSI and PSII (Allakhverdiev et al., 2000a). Unsaturated fatty acids in membrane lipids shelter 
PSI and PSII from inactivation as one of effective protective strategy. Where it affect dually; 
alleviating the salinity induced damage to PSI and PSII and improving the healing of injury 
(Allakhverdiev et al., 2000a; Allakhverdiev et al., 2000b; Allakhverdiev et al., 2001).   
Soybean seed is a major source of high-quality protein and oil for human 
consumption (Katerji et al., 2001). The unique chemical composition of soybean has made it 
one of the most valuable agronomic crops worldwide (Thomas et al., 2003). The oil produced 
from soybean is highly digestible and contains no cholesterol (Essa and Al-ani, 2001). Growth, 
development and yield of soybean are the result of genetic potential interacting with 
environment. Soybean seed production may be limited by environmental stresses such as soil 
salinity (Ghassemi-Golezani et al., 2009). Minimizing environmental stress will optimize seed 
yield (Williams et al., 2004). Approximately 18% to 21% of soybean seed dry weight is oil in 
the form of triacylglycerol. From 24 to 40 days after flowering, oil percentage increases rapidly 
and by the end of this period accounts for approximately 30% of the total oil of the mature 
seed. The remaining 70% is synthesized during 40 to 64 days after flowering, also a period of 
seed desiccation (Hajduch et al., 2005).  
Plants require mineral nutrients especially nitrogen for their proper growth and 
integrity. Higher plants have mainly taken up nitrogen in inorganic form (NH3 and NO-3) by 
roots. Stressed plants mostly exhibited nutrient imbalance which causes inhibition in protein 
synthesis delay in enzyme solubilization and reduction in enzymatic activities. Reduction in 
NO-3 concentration and uptake is may be due to the antagonistic effect of Cl due to NaCl 
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salinity and disruption of root membrane integrity (Carvajal et al., 1999; Parida and Das, 2004; 
Ashraf et al., 2005).   
Sodium and chloride are the major ions, which cause many physiological disorder 
and poor plant productivity. Reduction in NO-3 uptake, NRA and NiRA under salinity has been 
reported by many researchers (Hamid et al., 2010; Jabeen and Ahmad, 2011). Nitrogen 
assimilation is a fundamental biological process that occurs in plants and has marked effects 
on plant productivity and biomass. Nitrate reductase is the key enzyme that catalyzes the first 
reaction in the NO3- assimilation pathway (Lee, 1999). Reduction in NRA may lead the 
decrease in NiRA which is observed in the present study. Nitrate must be reduced to ammonia 
in order to synthesize the structural component of the biological system (Heuer et al., 2005; 
Hamid et al., 2010). Nitrate reductase is inactivated in response to stress and as a result nitrogen 
metabolism is hampered in plants. It was observed that disturbance in N assimilation causes 
reduction in proteins in all safflower genotypes. Decrease in soluble proteins is may be due to 
breakdown of proteins by proteolytic process under salinity or drought stresses (Parida and 
Das, 2004) consequently total amino acids increased in all safflower genotypes. Proteins are 
structural component of the plant body. Stress induced reduction in protein synthesis may affect 
plant growth. Accumulation of amino acids reduces the osmotic potential which facilitates the 
inward movement of the water (Ashraf et al., 2005; Balal et al., 2011). Reports indicated that 
these amino acids are used to synthesize the necessary proteins and other molecules to support 
growth (Iqbal et al., 2011). However, some studies revealed a significant increase in soluble 
proteins in response to stresses (Hamid et al., 2010). Stress proteins may be developed in plants 
to cope with unfavorable environment conditions to protect certain enzymes and metabolic 
pathways.  
Plant growth and dry matter accumulation of legumes reduced by salinity has been 
reported in many important crop legumes such as Medicago sativa (Serraj and Drevon, 1998), 
Vicia faba (Cordovilla, et al., 1995), Pisum sativum (Delgado, et al., 1994) Glycine max (Serraj 
and Sinclair, 1996), and Phaseolus vulgaris (Pessarakli, et al., 1988). Glutamine synthetase 
(GS) functions as the major assimilatory enzyme for ammonia. GS pathway is the major route 
allowing the incorporation of inorganic N into organic molecules in plants (Lea and Mifflin, 
1974; Lea and Mifflin, 2003). Ammonia can be generated inside the plant by a variety of 
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metabolic pathways such as photorespiration, phenylpropanoid metabolism, utilisation of 
nitrogen transport compounds and amino acids catabolism, from symbiotically fixed nitrogen 
(Hirel and Lea, 2001). For plants, ammonia is toxic, causing proton extrusion associated with 
ammonium uptake, cytosolic pH disturbances, uncoupling of photophosphorylation, etc. 
Therefore, it must be rapidly assimilated into non-toxic organic nitrogen compounds 
(Kronzucker et al., 2001). Ammonia in plants is assimilated in the glutamine 
synthetase/glutamate synthase cycle or via the glutamate dehydrogenase alternative ammonia 
assimilation pathway (Mifflin and Lea, 1980) and is incorporated into an organic molecule, 2- 
oxoglutarate, by the combined action of the two enzymes glutamine synthetase (GS) and 
glutamate synthase. Both glutamine and glutamate which represent the two products of this 
metabolic process are further used as amino group donors to other amino acids utilised for 
protein synthesis and to nucleotides used as basic molecules for RNA and DNA synthesis 
(Hirel and Lea, 2001).   
In Phaseolus vulgaris nodules the activities of GS are responsible for ammonium 
absorption (Cullimore and Bennett, 1988). When this plant is grown without NaCl, GS activity 
increased, in Cicer arietinum is ten-fold higher (Soussi et al., 1998) and in Vicia faba two-fold 
higher (Cordovilla et al., 1994). In addition, it influenced the pattern of expression that changed 
during root-nodule development (Trepp et al., 1999). Similar results were obtained with 
cowpea nodules (Figueiredo et al., 1999) under abiotic stress. The decrease in GS activities by 
salt stress resulted in limitation of glutamine and amino acid production and the rise in amino 
acids and glutamate synthesis. The nitrogen fixation and plant growth reduction due to salt 
stress was accompanied by changes in enzymatic activities and in reduced nitrogen demand of 
the host plant (ureides and amino acids in nodules).   
Plant salt and drought tolerance is a complex trait that involves multiple 
physiological and biochemical mechanisms and regulation of numerous genes. A broad 
spectrum of genes is expressed on exposure to dehydration. Information about the 
physiological functions of these genes is essential for successful engineering of dehydration 
tolerance in crop plants. Transgenic soybean lines expressing barley HVA1 gene, DREB29 and 
Rgh1 genes were incorporated understand the mechanism of salt tolerance. Transgenic wheat 
lines expressing HVA1 gene had significantly higher water use efficiency than nontransformed 
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lines (Sivamani et al., 2000). Transgenic rice plants containing HVA1 gene from barley were 
shown to be tolerant to short but rapid water stress cycles (Xu et al., 1996). The levels of HVA1 
protein under water stress correlated with stress tolerance of the transgenic plants.The Rgh1 
gene is not only associated with SCN, but also with the SDS and a few other stress-related 
traits (Kandoth et al., 2011). In grain legumes including soybeans, the apical shoot meristem 
is a completely undifferentiated meristematic tissue in a small and relatively round bud shape. 
This round meristem is composed of different layers. It is the subepidermal cell layer that is 
representing the layer that forms meristems from which eventually the gametes are derived. 
Therefore, the cells of this layer divide indefinitely and reproduce into gametes resulting into 
fertile plants. Therefore, it is the relative location of the sub-epidermal cell layer of soybean 
shoot tip meristem that must be chosen as the target for the gene gun bombardment for a 
relatively genotype-independent genetic transformation (Kwapata et al., 2012).  
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CHAPTER 6 SUMMARY  
 Salinity is the big threat to agriculture throughout the world that significantly reduced 
the crop yield. Enhancing salinity tolerance in plants to fulfill the requirements of ever 
increasing population and retaining the security of humanity are major goals as the 
population of world is fastly increasing as compared to the agricultural area to support 
it. Considerable achievement are made by plant breeders in last few years for improving 
salt tolerant  genotypes in some potential crops using different approaches, but 
sustainable agriculture and enhancement in salinity tolerance in crops is still an 
important task to agricultural scientists. For increasing plant resistant to biotic and 
abiotic stresses, application of mineral nutrients plays an important role. Therefore, 
potassium application to plants is the novel approach to decrease the salinity induced 
reduction in plant growth under saline conditions.   
 Keeping in view the above argument, the present research study was planned with 
following objectives. The purpose of which is to:  
• Evaluate the effect of potassium on the growth of soybean varieties/genotypes and to 
screen out salt tolerant soybean varieties.   
• Study/access the optimization of potassium dose under normal and different levels of 
salinity.  
• Study the role of K+ application on antioxidant enzyme activities in soybean varieties 
under saline conditions.  
• Investigate the effect of potassium on protein and oil quality of soybean under saline 
conditions.  
• Bring comparison of the efficiency of different sources of potassium under normal and 
saline conditions.  
• See development of salt and disease resistant soybean lines.  
• Bring comparison of best approach to cope with salinity.   
 Achieve all these objectives, solution culture and pot experiments were accompanied 
at wire house of Saline Agriculture Research Centre (SARC), University of 
Agriculture, Faisalabad, Pakistan. Eleven soybean genotypes were sown in hydroponic 
solution culture using three levels of salinity (control, 60 and 120 mM NaCl) in 
160  
  
combination with K (control, 6 and 9 mM) to screen out salt tolerant soybean 
genotypes. Salinity stress caused significant increase in Na+ contents in leaves at the 
expense of K+ with a resultant increase in Na+/K+ ratio and reduction in dry matter 
production. All soybean genotypes were considerably different in Na+ accumulation 
and production of dry matter. The soybean genotypes No. 62 and No. 13  stored high 
K+, minimum Na+, maintained lowest Na+/K+ ratio, produced maximum dry matter and 
emerged as salt tolerant soybean genotypes. In contrast, soybean genotypes Ajmeri and 
Wiliam-82 accumulated low K+, maximum Na+, showed maximum Na+/K+ ratio, 
produced less dry matter and emerged as salt sensitive soybean genotypes.  
 In 2nd study four soybean genotypes, No. 62 and No. 13 identified as salt tolerant and 
Ajmeri and William-82 recognized as salt sensitive on the basis of Na+ accumulation, 
Na+/K+ ratio and biomass production then were grown in solution culture with three 
levels of salinity (control, 60 and 120 mM NaCl) and three potassium levels (control, 
6 and 9 mM K). The salt tolerant soybean genotypes showed a strong affinity for K+ 
over Na+ and exhibited relatively less reduction in fresh shoot and root and dry weights, 
shoot and root length, leaf area, chlorophyll contents, MSI and RWC. It is clear that 
salt sensitive soybean genotypes with less plant growth, high Na+/K+ ratio, low 
antioxidant enzymes activities and photosynthetic attributes have less genetic tolerance 
to salinity stress resulting in high production of ROS, low MSI, RWC, chlorophyll 
contents and photosynthetic activities under salt stress.   
 Application of K increased antioxidant enzymes activities e.g. SOD, CAT and POD for 
scavenging ROS and providing defense mechanism against salt stress.    
 Addition of potassium in combination with salinity enhanced the stomatal regulation 
by preferring higher assimilation of CO2 but this effect was observed more in salt 
tolerant soybean genotypes. Generally, potassium application produced clear 
difference in the activity of CAT, stomatal conductance and Na+/K+ ratios, shoot length 
and shoot fresh weight, leaf area and chlorophyll contents  in tolerant soybean 
genotypes as compared to susceptible soybean genotypes  suggest that soybean 
genotypes are different in some specific mechanisms of salinity tolerance.  
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 In experiment 3, pot study was conducted to assess whether application of potassium 
in soil plays a role in alleviating the harmful effects of salinity on morphological, 
physiological and biochemical parameters of soybean genotypes. Salt tolerant soybean 
genotypes No. 62 and No. 13 and salt sensitive soybean genotypes Ajmeri and 
Williaim-82 were used in this study with three salinity level (control, 6 and 12 dS m-1) 
in combination with three levels of potassium (control, 50 and 75 kg K ha-1) were used. 
It is clear that morphological characteristics, relative water contents and membrane 
stability index, photosynthetic activities decreased under salinity stress but application 
of potassium improved all these attributes. Reduction was more in salt sensitive 
soybean genotypes as compared to salt tolerant. 75 kg K ha-1 at salinity level 6 dS m-1 
was found more effective dose of potassium in alleviating adverse effect of salinity as 
compared to other two levels. Salt tolerant soybean genotypes No. 62 and No. 13 
exhibited better performance towards potassium application as compared to salt 
sensitive Ajmeri and William-82 under non saline and saline conditions.  
 By briefing all these results, it can be concluded that salinity stress caused significant 
decrease in plant growth, development and yield by affecting plant morphological 
parameters, relative water contents, solute potential, water potential, membrane 
stability index, photosynthetic rate, gas exchange parameters, decreasing K+ uptake and 
increasing Na+ concentration. However, application of potassium significantly lessens 
the damaging effects of salinity by improving all plant growth characteristics and 
increasing activities of antioxidant enzymes for scavenging reactive oxygen species. 
Over all, salt tolerant soybean genotypes No. 62 and No.13 showed better response 
towards potassium application as compared to salt sensitive soybean genotypes Ajmeri 
and William-82.   
 In experiment 4, pot study was conducted to evaluate whether potassium application in 
soil plays a role in alleviating the harmful affects of salinity on morphological, 
physiological and biochemical attributes of soybean varieties. Two soybean varieties 
Pioneer and Jack were used in this study with salinity level (control and 90 mM) in 
combination with potassium (control, 9 mM). It is observed that morphological features 
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showed poor performance under salinity stress but potassium application improved all 
these parameters. More reduction was observed in variety Jack than Pioneer.   
 In experiment 5, salt tolerant, drought tolerant and SDS resistant genes were inserted 
in soybean germplasm. By performing PCR analysis, HVA1, DREB29 and Rhg1 genes 
were identified in many soybean lines. This precious germplasm can be further used 
for conducting experiments for the production of better crop yields in stress 
environment for sustainable agriculture.   
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